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Surgeons have been criticised for the lack of rigour
with which they have analysed their results. This
chapter highlights the progress made, particularly in
surgery for stress incontinence where more
randomised controlled trials have been reported, and
illustrates areas where more studies are needed. The
section on outcome measures illustrates that whilst
the measurement of subjective and objective outcome
may clarify the value of an operation some standa-
rdisation of outcome measures is required in order to
meaningfully compare different procedures. 

1. PROCEDURES EXCLUDING MID-URETHRAL
TAPES

The practice of surgical treatment for stress urinary
incontinence has changed dramatically over the last
decade; the number of procedures undertaken
appears to be increasing, and the shift in relative
numbers of different procedures has been remarkable.
In England between 1997-‘98 and 2005-‘06 the annual
number of operations undertaken for stress urinary
incontinence (SUI) increased by 28%, despite over
90% reduction in the numbers of colposuspension
and needle suspension procedures, and 50%
reduction in bladder neck buttress, sling and urethral
bulking procedures. The increase was entirely due
to the rapid dissemination of the Tension-free Vaginal
Tape (Gynecare®, Ethicon, Somerville, NJ) in 1998,
and similar minimally invasive synthetic sub urethral
sling procedures subsequently (Hilton, 2008) [1] 

Whilst these trends may be in line with currently
available evidence, other changes in practice seem
to proceeding in advance of high quality evidence;
the drivers behind such changes in practice have
recently been reviewed (Hilton, 2008)[1].

In their systematic review published in 1996, Black and
Downs drew attention to the deficiencies of the

literature available at the time (Black & Downs, 1996,
Downs & Black, 1996) [2,3]. In particular they
highlighted the difficulties posed by case definition
and the uniformity of surgical technique both between
and within surgical teams, the problem of variations
in outcome measures used, the handling of con-
founding variables, the generalisability or external
validity of the results, and the lack of statistical power
in most studies. Most systematic reviews published
since on the topic of surgery for incontinence in general
or relating to individual surgical procedures have
made similar comments regarding the quality of
available evidence. Hence recommendations must
be made not only on the amount of evidence available,
but on the quality of that evidence. Several systems
for grading the quality of studies have been proposed,
including that initially presented by Black and Downs
(Black & Downs, 1996, Downs & Black, 1996) [2,3],
and that proposed by the GRADE group (Grading of
Recommendations Assessment, Development and
Evaluation) in their publications (Atkins et al., 2004a,
Atkins et al., 2004b, Atkins et al., 2005) [4,5,6] and on
their website, http://www.gradeworkinggroup.org. A
recent series of articles in the BMJ explain the GRADE
system in more detail (Guyatt et al., 2008a, Guyatt et
al., 2008b, Guyatt et al., 2008c) [7,8,9].

The duration of follow-up is another factor affecting the
validity of comparison between studies of efficacy
and safety. In the first edition of this consultation, it was
suggested that short term surgical follow-up should
be considered as being up to 3 months, medium term
from 3 to 12 months, and long term over 12 months
(Mattiasson et al., 1999) [10]. There are occasions
when case reports or short-term trial follow up and the
early presentation of outcomes may be not only
appropriate but also indeed mandatory. If serious
unexpected adverse events come to light during early
experience with procedures, colleagues and patients
must be made aware. Where significant differences
in efficacy or safety outcomes become apparent before
the end of a study, it may be ethically unacceptable
to continue randomisation. It is unlikely however that
these factors are at play in the majority of studies of
less than a year follow-up. In a recent review on long-
term studies of pelvic floor dysfunction Hilton found
that of 127 papers published in the last 25 years on
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incontinence or pelvic organ prolapse (POP) which
included the phrase ‘long term’ in their title or abstract,
follow-up periods ranged from 1 to 14 years, with a
mean of 59.5 months in those investigating surgical
treatments (Hilton, 2008) [1]. Whilst highlighting some
of the difficulties inherent both in undertaking and
interpreting long-term studies, he argued for more
long-term studies of high quality, and for a change in
definition of ‘long-term’ to imply outcome at 5 years
or more (Hilton, 2008) [1].

a) Search strategy

This section is based on electronic searches of
Medline, EMBASE, CINHAL, the Cochrane database
of systematic reviews, and the NICE website
(www.nice.org.uk) references included in identified
reviews were evaluated separately. Hand searching
of recent (Jan-Apr 2008) issues of American, European
and British journals in urology, gynaecology and
urogynaecology was undertaken, to capture recent
publications not yet included in the online databases.
ICS, IUGA, AUA and AUGS conference proceedings
for 2007 were also reviewed. It was assumed that
trials presented earlier than this would be in press if
they were of sufficient quality and maturity to justify
inclusion; hence older abstracts have not been
considered here. A total of 5331 references were
identified; excluding duplicates, there were 3650
unique references. Of these 762 were of relevance to
this review of non-tape procedures. Search terms
used included the following:

URINARY INCONTINENCE; URINARY INCON-
TINENCE, STRESS/; ((stress$ or mix$ or urg$ or
urine$) adj3 incontinen$); SURGICAL PROCE-
DURES, OPERATIVE/; SURGICAL PROCEDURES,
MINIMALLY INVASIVE/; UROGENITAL SURGICAL
PROCEDURES/; GYNECOLOGIC SURGICAL PRO-
CEDURES/; UROLOGIC SURGICAL PROCEDURES;
UROGENITAL SYSTEM/su [Surgery]; URINARY
TRACT/su [Surgery]; URETHRA/su [Surgery];
VAGINA/su [Surgery]; BLADDER/su [Surgery];
LIGAMENTS/su [Surgery]; ((urethra$ or vagina$ or
bladder$) adj surger$); (colposuspension$ or colpo
suspension$); vesicosuspension$; urethrosu-
spension$; ((vesicourethra$ or urethrovesica$) adj3
suspens$); colpourethrosuspension$; (corner$ adj3
suspension$); (urethropex$ or urethrocystopex$ or
cystourethropex$ or urethrocervicopex$); (bladder$
adj3 buttress$); colpofixation$; burch$; (marshall$ or
marchetti$ or krantz$ or mmk$); ((paravagina$ or
pubococcygeal$) adj3 repair$); (obturator$ adj3 (shelf$
or shelv$)); ((bladder$ or neck$ or needle$) adj3
suspen$); ligament fixation$; ((pereyra$ or stamey$
or raz$ or gittes$) adj3 (suspen$ or procedure$));
colporraph$; ((anterior$ or vagina$) adj3 repair$);
(pacey$ or kelly$ or kennedy$); SURGICAL MESH/;
(sling$ adj3 (procedure$ or operat$)); . ((bladder$ or
surgical$ or synthetic$ or biological$ or autologous$)
adj3 (sling$ or tape$ or mesh$)); ((urethra$ or
suburethra$ or midurethra$ or mid urethra$ or

transurethra$ or trans urethra$ or pubovescial$ or
pubo vesical$ or retropubic$ or retro pubic$ or
suprapubic$ or supra pubic$ or pubovagina$ or pubo-
vagina$ or transvagina$ or intravagina$ or lyodura$)
adj3 (sling$ or mesh$ or implant$)); bologna$;
ingelman sundberg$; “PROSTHESES AND
IMPLANTS”/; INJECTIONS/; ((urethra$ or suburethra$
or midurethra$ or mid urethra$ or transurethra$ or
trans urethra$ or periurethra$ or peri urethra$ or
endourethra$ or endo urethra$) adj3 (inject$ or agent$
or bulk$)); injectable$; (injection$ adj3 therap$); (bulk$
adj3 agent$); contigen; COLLAGEN/; macroplastique$;
exp SILICONES/; microparticulate$; HYALURONIC
ACID/; hyaluronan therap$; act balloon$; CARBON/;
carbon particle$; POLYTETRAFLUORETHYLENE/;
BIOCOMPATIBLE MATERIALS; URINARY
SPHINCTER, ARTIFICIAL/; ((artificial$ or prosthe$)
adj3 (urinary or genitourinary or urethra$ or bladder$)
adj3 sphincter$); limit to humans; limit to female.

Relatively little high-level evidence has been published
on the basis of new research since the last
consultation; where available, level 1 and 2 evidence
has been included in this update. Systematic reviews
had already been published by the Cochrane
Collaboration (Moehrer et al., 2000, Bezerra et al.,
2001, Glazener & Cooper, 2001, Pickard et al., 2003,
Glazener & Cooper, 2004) [11-15], and others have
been developed or updated since (Bezerra et al.,
2005, Lapitan et al., 2005, Dean et al., 2006a, Keegan
et al., 2007) [16-19]. The National Institute for Health
and Clinical Excellence (NICE) in England has
published a clinical guideline on all aspects of urinary
incontinence in women, including sections on surgical
treatment (National Institute for Health & Clinical
Excellence, 2006b), based on systematic reviews
undertaken by the National Collaborating Centre for
Women’s and Children’s Health (National Collaborating
Centre for Women’s & Children’s Health, 2006). NICE
has also published guidance on a number of individual
procedures through its Interventional Procedures
Programme (National Institute for Health & Clinical
Excellence, 2003, 2005a, b, 2006a). http://www.
nice.org.uk

b) Anterior colporrhaphy.

The term ‘anterior colporrhaphy’ tends to be used
generically to describe procedures for both anterior
vaginal wall prolapse and for SUI. When used to treat
SUI, in addition to the reconstruction of the pubo-
cervical fascia, it is conventional to use some form of
plicating sutures to support and/or elevate the urethra
and/or bladder neck. Many variations have been
described often lending eponymous titles to the
procedures e.g. Kelly, Kennedy, Pacey. The hetero-
geneity of procedures adds to the difficulties of
evaluation of anterior colporrhaphy or vaginal repair
procedures as a group. The place of anterior
colporrhaphy in management of POP is covered
elsewhere.
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Case series indicate a wide range of continence rates
following anterior colporrhaphy, ranging between 31%
and 100% (Jarvis, 1994) [20] [EL=3]. Accepting
variation in the procedures undertaken, the duration
of follow-up considered, and the outcomes reported,
cohort studies that include anterior colporrhaphy
consistently show it to be associated with lower cure
rates than the comparators (usually colposuspension
or Marshall-Marchetti-Krantz procedure (MMK)); cure
rates reported from cohort studies are 21% to 70%
(National Collaborating Centre for Women’s &
Children’s Health, 2006) [EL=3]. 

Several reviews of greater or lesser degrees of rigour
have included anterior colporrhaphy; these include
the previous editions of this chapter (Jarvis et al.,

1999, Smith et al., 2002, Smith et al., 2005)21-23 and
those of Jarvis (Jarvis, 1994) [20], Black (Black &
Downs, 1996, Downs & Black, 1996) [2,3], the
American Urological Association (Leach et al., 1997)
[24], Cochrane (Glazener & Cooper, 2001) [13], and
NICE (National Collaborating Centre for Women’s &
Children’s Health, 2006, National Institute for Health
& Clinical Excellence, 2006b).

Many randomised trials are presented (with published
abstracts) or published (as full peer-reviewed papers)
on several occasions, usually with increasing duration
of follow-up. The 10 trials reported in the Cochrane
review of anterior vaginal repair appear as 27 abstracts
or papers (Glazener & Cooper, 2001) [13]. Two of
these trials, despite being undertaken over 20 years
ago, have not yet appeared as full papers (Quadri et

al., 1985, Stanton et al., 1985b) [25,26]; the latter are
therefore not included in the more recent NICE report. 

Ten randomised trials are considered here (Table 1),
comparing anterior colporrhaphy with pelvic floor
muscle training (Klarskov et al., 1986) [27],
colposuspension (Bergman et al., 1989a, Bergman et
al., 1989b, Bergman & Elia, 1995, Berglund & Lalos,
1996, Liapis et al., 1996a, Liapis et al., 1996b, Berglund
et al., 1997, Kammerer-Doak et al., 1999, Klutke et
al., 1999, Colombo et al., 2000, Lalos et al., 2000)
[28,30], needle suspension, (Bergman et al., 1989a,
Bergman et al., 1989b, Bergman & Elia, 1995, Klutke
et al., 1999, Di Palumbo, 2003) [28-30,37,39], MMK
(Liapis et al., 1996b) or TVT (Meschia et al., 2004) [40]
(some studies having 3 intervention arms). 

Excluding cases that may have appeared in more
than one report, 967 women were included in these
studies, 346 undergoing anterior colporrhaphy. Cure
rates of 31% to 88% are reported, with anterior
colporrhaphy consistently showing what are both
statistically and clinically poorer outcomes than surgical
comparators [EL=1].

Few trials provide follow-up beyond 12 months,
although mean follow-up is provided at periods
between 1 and 14 years in different studies. Where
serial outcome is provided the results indicate lack of
longevity. Subjective outcomes fell from 80% at 1
year to 60% at 5-7 years in one study (Berglund &
Lalos, 1996, Lalos et al., 2000) [31,38] [EL=2], and
combined subjective and objective cures fell from
80% at 3 months to 63% at 1 year and 37% at 5 years
in another (Bergman et al., 1989a, Bergman & Elia,
1995) [28,30] [EL=2]. 

The view of the first edition of this consultation was
that the major indication for bladder buttress in
contemporary practice must be the patient who prefers
to sacrifice some chance of becoming continent for
a reduced risk of complications (Jarvis et al., 1999)
[21]. Subsequent editions found no new literature to
justify a change to that view (Smith et al., 2002, Smith
et al., 2005) [22,23]. 

The previously expressed view of the American
Urological Association was that anterior repairs are the
least likely of the four major operative categories
(anterior repair, suburethral sling, colposuspension,
long needle suspension) to be efficacious in the long-
term (Leach et al., 1997) [240]. The Cochrane review
of anterior vaginal repair, whilst finding insufficient
data to allow comparison with physical therapies,
needle suspension, suburethral slings or laparoscopic
retropubic suspensions, felt that there was evidence
to indicate that anterior vaginal repair was less effective
than open abdominal retropubic suspension in the
treatment of primary urodynamic stress incontinence
(SUI). The beneficial effect of the abdominal approach

Figure 1:  Anterior repair illustrating sutures plicating
pubocervical fascia in the midline.
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appeared to be longer lasting, whether or not the
women had associated prolapse, and there appeared
to be a greater need for repeat surgery for incontinence
after vaginal repair. Although there was a higher
incidence of prolapse after abdominal operations, this
did not require surgical correction more often. Since
postoperative surgical morbidity, quality of life
measures, and economic outcomes were poorly
reported, the alternative treatments could not be
compared in other ways. They concluded that the use
of anterior vaginal repair in the treatment of urinary
incontinence should be restricted to women deemed
unsuitable for alternative treatments (Glazener &
Cooper, 2001) [13] [EL=1]. Given the recent
developments in less invasive surgical approaches to
SUI, it seems unlikely that one could identify a group
of women who are suitable for anterior colporrhaphy
yet who would be deemed unsuitable for some more
effective alternative. Although we were not able to
identify studies directly comparing of anterior
colporrhaphy with mid-urethral tape procedures in
the treatment of overt stress urinary incontinence,
one randomised trial compared anterior colporrhaphy
(including endopelvic fascial plication) with tension-
free vaginal tape (TVT) in 50 women with ≥stage II
anterior wall prolapse and ‘occult SUI’ (Meschia et
al., 2004) [40]. They found both subjective (96% vs.
64%; p=0.01) and objective (92% vs. 56%; p<0.01)
continence rates to be significantly higher following
insertion of TVT, with no increase in post-operative
voiding problems or irritative symptoms [EL=2]. The
recent NICE guidance makes a high level
recommendation that anterior colporrhaphy should
not be used for the treatment SUI (National
Collaborating Centre for Women’s & Children’s Health,
2006, National Institute for Health & Clinical
Excellence, 2006b) [EL=1]. 

We found no new high quality evidence published on
anterior colporrhaphy since this latter review; indeed
we found no new evidence of any level that considered
the place of anterior colporrhaphy in the treatment of
SUI incontinence in the absence of POP. 

Summary 

Anterior colporrhaphy is comparable in effectiveness
to needle suspension, and less effective than open
colposuspension in the treatment of SUI; its
effectiveness deteriorates substantially with time
[EL=2]. Although the evidence is less robust, is appears
to be less effective than the minimally invasive mid-
urethral tape procedure (TVT) in the management of
‘occult’ SUI [EL=2]. 

Recommendation  

c) Open colposuspension (Figure 2)

The general reviews of incontinence surgery cited

earlier all included open colposuspension of the Burch
type (Burch, 1961, Burch, 1968) [41,42] amongst their
considerations (Jarvis, 1994, Black & Downs, 1996,
Downs & Black, 1996, Leach et al., 1997, Jarvis et al.,
1999, Smith et al., 2002, Smith et al., 2005, National
Collaborating Centre for Women’s & Children’s Health,
2006)[20,2,3, 24,21-23]; the Cochrane database
includes a specific review of the procedure (Lapitan
et al., 2005) [17]. The latter includes details of 39
trials 12 of which were available only as abstracts,
although otherwise there was virtually complete
overlap with the systematic reviews from which the
NICE guidance was formulated (National Collaborating
Centre for Women’s & Children’s Health, 2006). One
of those studies previously only available in abstract
form has recently been published (Carey et al., 2006)
[43], and two others have further publications with
health economic considerations or longer term follow-
up (Dumville et al., 2006, Ward et al., 2008)[44,45]. 

There have been only two newly published randomised
trials including colposuspension since previous
systematic reviews (Albo et al., 2007, Sivaslioglu et
al., 2007)[46,47]. In total we examined 33 published
randomised trials, seven trials comparing open
colposuspension with the anterior colporrhaphy,
(Bergman et al., 1989a, Bergman et al., 1989b,
Bergman & Elia, 1995, Berglund & Lalos, 1996, Liapis
et al., 1996a, Liapis et al., 1996b, Berglund et al.,
1997, Kammerer-Doak et al., 1999, Klutke et al., 1999,
Colombo et al., 2000, Lalos et al., 2000)[28,38], four
with the MMK procedure (Colombo et al., 1994, Liapis
et al., 1996b, Quadri et al., 1999, McCrery &
Thompson, 2005) [48,33,,49,50], six with needle
suspension (two of which also had an anterior
colporrhaphy arm) (Mundy, 1983, Bergman et al.,
1989a, Bergman et al., 1989b, German et al., 1994,

Anterior colporrhaphy should not be used in the
management of SUI alone. [Grade A]

Figure 2 : Open colposuspension illustrating
sutures elevating para-urethral fascia towards
Cooper’s ligament
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Bergman & Elia, 1995, Athanassopoulos & Barbalias,
1996, Gilja et al., 1998, Klutke et al., 1999) [51,28,
29,52,30,53,54,36], one with abdominal paravaginal
repair (Colombo et al., 1996) [55], five with traditional
sling procedures (Enzelsberger et al., 1996, Sand et
al., 2000, Demirci & Yucel, 2001, Culligan et al., 2003,
,Bai et al., 2005, Tennstedt & Urinary Incontinence
Treatment Network, 2005, Albo et al., 2007, Mallett et
al., 2008, Richter et al., 2008) [56-61,46,62,63], five
trials with TVT (Liapis et al., 2002, Ward et al., 2002,
Wang & Chen, 2003, Ward et al., 2004, Bai et al.,
2005, El-Barky et al., 2005, Ward et al., 2008) [64-
67,46,60,68,45], one with a transobturator tape
procedure (Sivaslioglu et al., 2007) [47], and seven
with laparoscopic colposuspension (Su et al., 1997,
Fatthy et al., 2001, Cheon et al., 2003, Ankardal et al.,
2005, Ustun et al., 2005, Carey et al., 2006, Kitchener
et al., 2006) [69-73,43,74]. These various studies
included 4161 women of whom 1900 were randomised
to colposuspension; individual studies randomised
between 30 and 655 women (median 90 women)
(see Table 2). Objective cure rates varied between
59% and 100% (median 80%) and subjective cure
rates between 71% and 100% (median 88%) [EL=1].
In common with previous systematic review supported
by meta-analysis (Lapitan et al., 2005) [17], the
combined results from these various studies show
open colposuspension to have comparable subjective
and objective outcomes to both traditional sling
procedures and to the newer minimally invasive mid-
urethral retropubic sling procedures; it has better
outcomes than anterior colporrhaphy, bladder neck
needle suspension, MMK procedure and paravaginal
defect repair [EL=1]. 

The systematic review underlying the NICE guidance
on urinary incontinence reviewed cohort studies and
case series for long-term follow-up data because of
the relatively short duration of RCTs (National
Collaborating Centre for Women’s & Children’s Health,
2006). They identified 3 cohort studies and 13 case
series including long-term outcomes from
colposuspension. The duration of follow-up of these
studies ranged from a minimum of 1 year to a
maximum of 18 years; most had follow-up of 5–10
years. We identified one further case control series
(Dietz & Wilson, 2005) [75], one cohort study
(McCracken et al., 2007) [76], and three case series
(Sun et al., 2006, Ng et al., 2007, Rardin et al., 2007)
[77-79] published more recently. Patient numbers in
individual series ranged from 50 to 544, with a total
of 3195; however, in common with most long-term
surgical studies, losses to follow-up were common, and
ranged up to 76% (median 40%). None of the studies
considered the impact of confounding variables on
the statistical significance of continence outcomes.
Hence, outcome data derived these studies must be
viewed with caution; largely subjective outcomes were
reported, giving between 44% and 94% cures (median
74%) [EL=3]. Case series reporting the outcome of

colposuspension for the treatment of recurrent SUI
after previous surgical treatment have shown variable
results, with an objective cure rate at median follow-
up of 9 months of 81% and 86% in two studies (Maher
et al., 1999, Bidmead et al., 2001) [80,81], but 61%
and 65% at 5-15 years in two studies using a Kaplan-
Meier analysis (Alcalay et al., 1995, Thakar et al.,
2002) [82,83] [EL=3]. 

A small number of RCTs are now published giving
minimum follow-up of 5years or more; these too suffer
the difficulty of high dropout rates, although
‘completers’ analysis’ indicates cure rates between
43% and 90% (median 82%) (Bergman & Elia, 1995,
Liapis et al., 1996b, Colombo et al., 2000, Lalos et al.,
2000, Ward et al., 2008) [30,33,37,38,45] [EL=1/2].

Summary:

Open colposuspension has been shown to be an
effective surgical treatment for stress incontinence.

In common with other procedures there is some loss
of efficacy with time.

Recommendations: 

d) Marshall-Marchetti-Krantz (MMK) procedure

Only level 3 evidence relating to the MMK procedure
was consider in the last edition of this consultation
(Smith et al., 2005) [23]. Fifty eight papers,
predominantly retrospective case series, published
between 1951 and 1998 were reviewed, including
3238 patients. Cure rates were largely subjectively
defined and averaged 88%. In many studies it was not
possible to say whether procedures were carried out
for primary or recurrent SUI; those that did specify gave
success in 92% in primary procedures and 84% in
recurrent cases (Smith et al., 2005) [23]. 

The MMK procedure itself has not been subject to
formal Cochrane review, although two studies were
identified where MMK was considered as a comparator
in the review of open colposuspension (Colombo et
al., 1994, Liapis et al., 1996a) [48,32], and one where
the index procedure was of the MMK type rather than
Burch type (Henriksson & Ulmsten, 1978) [84], (Lapitan
et al., 2005) [17]. The systematic review underlying
the NICE guidance on urinary incontinence (National

Open retropubic colposuspension can be
recommended as an effective treatment for
primary stress urinary incontinence, which has
longevity. [Grade A]

Although open colposuspension has to a large
extent been superseded by the less invasive
mid-urethral tapes, it should still be considered
for those women in whom an open abdominal
procedure is required concurrently with surgery
for SUI. [Grade D]
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Collaborating Centre for Women’s & Children’s Health,
2006) identified two further RCTs comparing MMK
with open colposuspension (Quadri et al., 1999,
McCrery & Thompson, 2005) [49,50]. We have not
identified other level 1 or 2 evidence relating to MMK
(see table 3). The Cochrane review found that whilst
results at early follow-up were not significantly different,
both subjective and objective cure were significantly
better after the Burch procedure than after MMK at one
to five years after surgery ( RR 0.44; 95%CI 0.25 to
0.77) (Lapitan et al., 2005) [17] [EL=1]. One of the
additional studies identified in the review underlying
the NICE guidance showed significantly better
subjective and objective results from MMK at 1 year
(negative stress test 93% vs. 53%; p=0.02) (Quadri
et al., 1999) [49] [EL=2]; the other showed significantly
better subjective outcomes from colposuspension at
a mean follow-up of 2 years (59% vs. 49%; p=0.02)
(McCrery & Thompson, 2005) [50] [EL=2]; neither
reported longer term outcome.

Other longer term follow up data are limited, and of
poor quality. Six studies looking specifically at long-
term outcome found cure rates averaging 58% at
periods between 4 and 15 years (McDuffie et al.,
1981, Colombo et al., 1998, Czaplicki et al., 1998,
Luna et al., 1999, Hegarty et al., 2001, Demirci et al.,
2002)85-90. Two studies showing trends over time in
204 and 81 patients respectively reported cure in 90%
and 77%at one year, 86% and 57%at five years, and
72% and 28%at 10 years (McDuffie et al., 1981,
Czaplicki et al., 1998) [85,87] [EL=3]. 

Summary:

Although short-term results indicate comparable cure
rates to colposuspension, there is limited evidence that
longer-term outcome is poorer following MMK [EL=1],
and declines further over time [EL=3]. The previous
edition of this consultation found no reason to support
the continued use of MMK over colposuspension;
there is no new evidence to indicate a change in this
view.

Recommendation: 

e) Needle suspension procedures (Figure 3)

Several endoscopic and non-endoscopic bladder neck
needle suspension procedures have been described
since the original report of Pereyra (Pereyra, 1959)
[91]; modifications include those described by Stamey
(Stamey, 1973) [92], Gittes (Gittes & Loughlin, 1987)
[93], and Raz (Raz et al., 1992) [94]. The procedures
have been considered appropriate for either primary
or recurrent SUI in particular where open retropubic
suspension procedures were unsuitable, such as in
frail or elderly women or where colposuspension may
be technically difficult because of poor vaginal mobility

The MMK procedure is not recommended for
the treatment of SUI. [Grade A]
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or capacity, from atrophic change, previous surgery,
or radiotherapy. 

The review by Jarvis was based largely on low level
evidence, with only seven out of the 213 surgical
studies reviewed being randomised. He identified
data from 3553 women undergoing endoscopic or
non-endoscopic bladder neck needle suspension with
an average subjective cure rate of 79% and objective
cure rate of 71% (Jarvis, 1994) [20] [EL=2]. 

The Cochrane review of needle suspension
procedures (Glazener & Cooper, 2004) [15] and the
systematic review underlying the NICE guideline on
urinary incontinence (National Collaborating Centre
for Women’s & Children’s Health, 2006) both included
the same ten RCTs describing six different needle
suspension procedures , 1983, (Palma et al., 1988,
Bergman et al., 1989a, Bergman et al., 1989b, Hilton,
1989, Stein & Weinberg, 1991, German et al., 1994,
Bergman & Elia, 1995, Athanassopoulos & Barbalias,
1996, Gilja et al., 1998, Klutke et al., 1999, Di Palumbo,
2003) [95,28,29,96,29,97,52,30,53,54,36,39]. We did
not identify any more recent high level evidence
relating to this group of procedures (see Table 4).
No studies were identified comparing needle
suspension with sham treatment or non-surgical
treatments; one small study compared with a sling
procedure, seven with colposuspension, and three
with anterior repair; two others compared different
needle suspension procedures or different sutures. The
needle suspension procedures were found to be less
effective than colposuspension based on subjective
outcome within one year of surgery (RR for failure
1.70, 95% CI 1.11 to 2.60); and after the first year
(29% vs. 16% failure; RR for failure 2.00, 95% CI
1.47 to 2.72); there were no clear differences between
the procedures for any of the other outcome measures
examined, although the confidence estimates around
estimates were wide. The performance of needle
suspension and anterior colporrhaphy appeared similar

in terms of subjective cure rates after 12months (RR
0.86, 95%CI 0.64 to 1.16) and voiding dysfunction,
whether the women had prolapse in addition to stress
incontinence or not [EL=1]. 

Only low level evidence is available to judge long-
term outcomes. Cure rates of 31%-68% have been
reported at 4-5 years (Hilton & Mayne, 1991, Bergman
& Elia, 1995, Reid & Parys, 2005) [98,30,99] and
20%-33% at 10 years (Trockman et al., 1995, Mills et
al., 1996) [100,101]. Unpublished results from the
Leeds group showed 80% cures at 1 year (n=186),
declining to 45% at 2 years, 18% at 4 years, and to
only 6% at 10 years (n=17) (Jarvis et al., 1999) [21]
[EL=3].

A later development of the needle suspension
procedures, introduced in an attempt to improve the
longevity of results, was the use of bone anchors for
the suspensory sutures. Bone-anchored cystou-
rethropexy has not been subject to RCT, although
two versions, the ‘Vesica®’ and ‘In-Tac®’ procedures,
have been reviewed by the NICE Interventional
Procedures Programme (National Institute for Health
& Clinical Excellence, 2003). They highlighted the
poor long-term outcomes, and concluded that current
evidence of the safety and efficacy of bone-anchored
cystourethropexy is not adequate to support the use
of this procedure in routine clinical practice [EL=2].

Although we found no new high level evidence
regarding needle suspension procedures, there is
continuing concern not only about long-term efficacy,
but also about long-term complications which continue
to emerge. These include suture migration into the
urinary tract, and chronic infective complications from
the implanted buffers and/or bone anchors (Goldberg
et al., 2004, Gregorakis et al., 2006, Smith & Rovner,
2006) [102-104]; osteomyelitis of the pubic bones has
been reported to occur in 1.3% in one series (Goldberg
et al., 2004) [102] [EL=3].

Summary:

High level evidence indicates that needle suspension
procedures are as effective as anterior colporrhaphy,
but less effective than colposuspension even in the
short-term [EL=1]. Long-term studies indicate lack of
longevity even of the initial modest results; long-term
complications remain a concern [EL=3].

Recommendation: 

f) Paravaginal repair

The paravaginal defect repair was first described by
White in the early part of the 20th century, as a vaginal
procedure (White, 1909, 1912) [105,106]. It has since

Endoscopic and non-endoscopic bladder neck
needle suspension procedures, with and
without bone-anchors are not recommended
for the treatment of SUI. [Grade A]

Figure 3 : The Stamey needle colposuspension
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been described using either abdominal (Richardson
et al., 1976) [107] or laparoscopic approaches
(Richardson et al., 1997) [108]. There is little high
level evidence on these procedures, and the available
studies are often confounded by the use of combined
procedures.

Only one RCT has been published which included
abdominal paravaginal defect repair in a comparison
with open colposuspension in women with SUI and
grade 1 urethrocystocele (Colombo et al., 1996) [55].
Although this study was included in the Cochrane
review of colposuspension, it was felt that this study
was too small, and the data insufficient to draw
conclusions. Thirty six women were recruited, and
although no sample size calculation is included in the
paper, recruitment was terminated when it was felt no
longer ethical to randomise patients. The majority of
women in both groups also underwent hysterectomy
and culdoplasty. At mean follow-up of about 2 years,
objective (negative stress test) and subjective cure
rates were significantly higher in the colposuspension
group (100% versus 61%, p=0.004 and 100% versus
72%, p=0.004, respectively) [EL=2]. 

Several small case series with limited follow-up and
largely subjectively defined outcome were reviewed
in the last edition of this consultation. Cure rates of
80% to 94% were found following the abdominal
procedure (Scotti et al., 1998, Bruce et al., 1999)
[109,110], 70% to 93% following the laparoscopic
procedure (Ostrzenski, 1998, Miklos & Kohli, 2000)
[111,112], and 43% to 89% following the vaginal
procedure (Mallipeddi et al., 2001, Clemons et al.,
2003)[113,114], [EL=3]. Only one small series has
been published more recently, indicating a cure rate
of 93% for prolapse and 80% for SUI in 20 women
treated by abdominal paravaginal repair alone
compared to cures in 100% of 10 women treated by
paravaginal plus incontinence surgery, at a mean
follow-up period of 40 months [EL=3]. 

Summary:

There is limited evidence that abdominal paravaginal
defect repair is less effective than open colposus-
pension [EL=2]. 

Recommendation: 

g) Laparoscopic colposuspension (Figure 4)

The Cochrane review of laparoscopic colposuspension
has been updated since the last edition of this
consultation; it now includes details of 22 RCTs that
including laparoscopic colposuspension (Dean et al.,
2006a) [18], 14 more than their initial review (Moehrer
et al., 2000) [11]. Of these 22 trials, ten compared

laparoscopic colposuspension with open colposus-
pension (Su et al., 1997, Burton, 1999, Summitt et al.,
2000, Fatthy et al., 2001, Morris et al., 2001, Cheon
et al., 2003, Ankardal et al., 2004, Ankardal et al.,
2005, Carey et al., 2006, Kitchener et al., 2006)
[69,115,116,70,117,71,118,72,43,74], and eight with
minimally invasive mid-urethral slings (Persson et al.,
2002, Ustun et al., 2003, Maher et al., 2004, Paraiso
et al., 2004, Valpas et al., 2004, Mirosh & Epp, 2005)
[119-124]; the remainder examined different aspects
of the laparoscopic technique (one vs. two sutures
(Persson & Wolner-Hanssen, 2000) [125], sutures
vs. Mesh (Ross, 1996, Zullo et al., 2001, Ankardal et
al., 2005) [126,127,72] and transperitoneal vs.
extraperitoneal approach to laparoscopy (Wallwiener
et al., 1995 [128]. Seven compared laparoscopic
colposuspension with Tension-free Vaginal Tape‰,
and these have been published separately (Dean et
al., 2006b) [129]. Seven were only available as
abstracts at the time of the systematic review
underlying the NICE guidance on urinary incontinence,
and hence were not considered in their report (National
Collaborating Centre for Women’s & Children’s Health,
2006). Eight of the ten studies comparing laparoscopic
colposuspension with open colposuspension were
included along with eight retrospective cohort studies
in a recently published meta-analysis (Tan et al., 2007)
[130]. We identified two further RCTs on laparoscopic
colposuspension (Piccione et al., 2001, Ustun et al.,
2005) [131,73]; in addition one study previously only
in abstract form has recently been published (Carey
et al., 2006) [43], and two have further publications
with longer-term follow-up (Jelovsek et al., 2008) [132]
or cost-effectiveness data (Valpas et al., 2006) [133].
Details of the 15 published studies (22 papers) are
given in table 5. 

Paravaginal defect repair is not recommended
for the treatment of SUI alone. [Grade A]

Figure 4 : View of a completed laparoscopic colpo-
suspension through the laparoscope
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Studies included in the Cochrane review had different
lengths of follow-up, although eight studies had follow-
up in the region 6 to 18 months. In comparison with
open colposuspension they found subjective cure
rates to range from 58% to 96% in the open and 62%
to 100% in the laparoscopic group within the 18 months
follow up, with a non-significant 5% lower relative
subjective cure rate for laparoscopic colposuspension
(RR 0.95, 95% CI 0.90 to 1.00) (Dean et al., 2006a)
[18] [EL=1]. The two studies with follow-up at five
years or beyond unfortunately remain unpublished
and available in abstract form only. Both these studies
were relatively small, and their results are inconsistent,
one finding better subjective outcome from the
laparoscopic procedure (Morris et al., 2001) [117],
and one favouring the open procedure (Burton, 1999)
[117]; the methodology of this latter study in particular
has been questioned [EL=2]. 

Overall, the objective cure rate as judged by cough
stress testing or pad test within 18 months was
statistically significantly lower following laparoscopic
colposuspension (RR 0.91, 95%CI 0.86 to 0.96)
[EL=1]. Between 18 months and five years there was
no significant difference (RR 1.01, 95% CI 0.88 to
1.16); again however, there was heterogeneity with
one small trial greatly favouring open procedure
(Burton, 1999) [115] and the other favouring
laparoscopic (Morris et al., 2001) [117] [EL=2]. When
objective cure was judged by urodynamic investi-
gations there was a significantly higher success rate
following open colposuspension (RR 0.91, 95%CI
0.85 to 0.99). 

Cost effectiveness was assessed in only one trial
(Dumville et al., 2006, Kitchener et al., 2006) [44,74].
This study showed that whilst laparoscopic surgery
produced greater quality adjusted life years (QALYs),
there was an additional cost when compared to open
surgery. The differential mean cost was GB£ 372
(95% credibility interval [CrI]: 274–471), and at 6
months QALYs were slightly higher in the laparoscopic
arm relative to the open arm (0.005; 95% CrI: –0.012
to 0.023). The cost of each additional QALY in the
laparoscopic group or incremental cost-effectiveness
ratio (ICER) was £74,400 at 6 months, but reduced
to £9,300 by 24 months, in view of a further increase
in QALYs, but no additional costs (assumed) (Dumville
et al., 2006) [44] [EL=1]. Earlier studies have shown
TVT™ to be dominant in cost effectiveness terms
over both open (Manca et al., 2003) [134] and
laparoscopic colposuspension (albeit using a mesh
technique) (Valpas et al., 2006) [133] [EL=1].

In comparison with minimally invasive mid-urethral
slings there was no statistically significant difference
in subjective cure rates within 18 months (RR 0.91,
95% CI 0.80 to 1.02) [EL=1]. The definition of objective
cure varied widely between studies, although overall

the objective cure rate was higher for minimally
invasive mid-urethral slings than laparoscopic
colposuspension (RR 0.92, 95% CI 0.85 to 0.99)
[EL=1].

Studies comparing different laparoscopic techniques
found that two sutures either side of the bladder neck
resulted in higher subjective (RR 1.37, 95% CI 1.14
to 1.64) and objective (RR 1.42, 95% CI 1.14 to 1.77)
cure rate than one (Persson & Wolner-Hanssen, 2000)
[125] [EL=2], and that sutures resulted in higher
subjective (RR 1.28, 95% CI 1.11 to 1.47) and objective
(RR 1.20, 95%CI 1.07 to 1.35) cure rate than mesh
(Ross, 1996, Piccione et al., 2001, Zullo et al., 2001,
Ankardal et al., 2005) [126,131,127,72] [EL=1].

The conclusion from the Cochrane review was that the
currently available evidence suggests that laparoscopic
colposuspension may be as effective as open
colposuspension two years postoperatively (Dean et
al., 2006a) [18]. The systematic review specific to
laparoscopic colposuspension and TVT™ concluded
that the evidence so far appears to favour the latter
as the minimal-access technique of choice for USI
(Dean et al., 2006b)[129]. In both cases however the
authors indicated that the place of laparoscopic
colposuspension in clinical practice could not be clearly
defined without further long-term results.

It should also be noted that much of the published
research in this area is from individuals with enthu-
siasm and skill in laparoscopic surgery; their results
should not necessarily be seen as being generalisable
to the urogynaecological/urological community at
large. The NICE guidance includes amongst its
recommendation that laparoscopic colposuspension
is not recommended as a routine procedure for the
treatment of SUI in women, but that the procedure
should be performed only by an experienced
laparoscopic surgeon working in a multidisciplinary
team with expertise in the assessment and treatment
of UI (National Collaborating Centre for Women’s &
Children’s Health, 2006, National Institute for Health
& Clinical Excellence, 2006b); this same point is
emphasised in the meta-analysis from Tan and
colleagues (Tan et al., 2007) [130] [EL=4]. 

Summary:

Laparoscopic colposuspension shows comparable
subjective outcome, but poorer objective outcome
than both open colposuspension and TVT™ in the
short to medium term; longer term outcomes are
unknown [EL=2]. It may not be good value for money
when compared with open colposuspension in the
short term (i.e. first 6 months following surgery), but
it could be a cost-effective alternative over 24 months
[EL=1]; other comparisons however suggest that
minimally invasive mid-urethral tape procedures may
be dominant in health economic terms. 
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Recommendations: 

h) Urethral bulking agents

Urethral bulking agents have been used for the
treatment of SUI in women for the past 3 decades. A
variety of substances have been reported to be safe
and effective in this context including bovine
glutaraldehyde cross linked (GAX) bovine collagen
(Contigen®), polytetrafluoroethylene (Teflon®),
polydimethyl-siloxane elastomer (Macroplastique®),
porcine dermal implant (Permacol®), carbon-coated
zirconium beads (Durasphere®), non-animal stabilized
hyaluronic acid/dextranomer NASHA/Dx (Zuidex®),
calcium hydroxylapatite (CaHA; Coaptite®), ethylene
vinyl alcohol (Uryx®; Tegress®) and autologous tissues
such as fat, chondrocytes, and myoblasts. Each of
these different agents has variable biophysical
properties that influence tissue compatibility, tendency
for migration, radiographic density, durability and
safety. The ideal urethral bulking agent has not yet
been identified. 

Most urethral bulking agents are injected trans-
urethrally or periurethrally, in a retrograde fashion
under direct cystoscopic guidance although
implantation devices have been developed which
potentially obviate the need for this. There is no
universally accepted injection route, technique,
equipment or anaesthetic regimen. The optimal
location for injection has not been defined and reported
injection locations have included anywhere between
the mid-urethra and the bladder neck. The optimal
volume of material for injection during a single session,
ideal site orientation for injection, or the optimal number
of reinjection sessions for any given agent (until clinical
“failure” has been determined) has not been defined.
Long term success may not correlate with the
endoscopic appearance at the conclusion of the
injection session or certain preoperative urodynamic
parameters. 

The exact mechanism by which urethral bulking agents
exert their effects on continence has not been defined
although an obstructive effect or an improved hermetic

effect has been suggested (Dmochowski & Appell,
2000) [135]. Although initially it was thought that
urethral bulking agents would be most effective in
patients with intrinsic sphincter deficiency (ISD) alone,
subsequent reports have suggested clinical efficacy
in patients with urethral hypermobility (Herschorn et
al., 1996, Steele et al., 2000, Bent et al., 2001)
[136,137,138].

The Cochrane review of periurethral injection therapy
has been updated since the last edition of this
consultation (Keegan et al., 2007) [19] and now
includes 12 RCTs including bulking agents in at least
one arm; this is five additional trials over the previous
review (Pickard et al., 2003) [14], although five do
not exist as full peer-reviewed publications and are
available only as conference abstracts. One double
blind study compared autologous fat with a placebo
(Lee et al., 2001) [139]. Two studies compared injection
with open surgery; one collagen therapy with bladder
neck suspension, sling or Burch colposuspension
(Corcos et al., 2005) [140], the other silicon particles
with pubovaginal sling (Maher et al., 2005) [141].
Eight studies compared two different bulking agents;
two compared GAX collagen with silicon particles
(Macroplastique®) (Anders et al., 2002, Appell et al.,
2005) [142,143]; two compared GAX collagen with
carbon particles (Durasphere®) (Lightner et al., 2001,
Andersen, 2002) [142,145] two compared with calcium
hydroxylapatite (Coaptite®) , coaptite with collagen
(Dmochowski et al., 2002a, Appell et al., 2005)
[146,143]; one study compared GAX collagen with
ethylene vinyl alcohol (Uryx®) (Dmochowski et al.,
2002b) [147]; a single study compared porcine dermal
implant (Permacol®) with silicone injection (Macro-
plastique®) (Bano et al., 2005) [148]; and one study
compared periurethral and transurethral injection
techniques (Schulz et al., 2004) [149]. We identified
only one further RCT comparing calcium hydro-
xylapatite with bovine dermal collagen (Mayer et al.,
2007) [150] (see table 6).

The Cochrane group felt the available trials were
small, generally of only moderate quality, and the
limited data available were not suitable for meta-
analysis in view of the wide confidence intervals
around all estimates. 

The study comparing urethral bulking using autologous
fat with a saline placebo (Lee et al., 2001) [139] found
cure or improvement in 21% in both groups 3 months
after the final injection (RR 0.98; 95% CI 0.75 to 1.29),
with no significant change from baseline in UI score
or in pad weight. One woman died from fat embolism
[EL=1].

The two studies comparing urethral bulking with
conventional surgery found significantly better objective
outcome in the surgical groups, although not in
subjective cures or patient satisfaction (Corcos et al.,
2005, Maher et al., 2005) [140,141] [EL=2].

Laparoscopic colposuspension is not
recommended for the routine surgical treatment
of SUI in women. [Grade A]

Laparoscopic colposuspension might be
considered for the treatment of SUI in women
who also require concurrent laparoscopic
surgery for other reasons. [Grade D]

Laparoscopic colposuspension should only
be carried out by surgeons with specific
training, expertise and appropriate workload
in laparoscopic surgery and in the assessment
and management of urinary incontinence in
women. [Grade D]
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All results from studies comparing different agents
had wide confidence intervals. Silicone particles
(Anders et al., 2002, Ghoniem et al., 2005) [142,151],
calcium hydroxylapatite (Dmochowski et al., 2002a,
Appell et al., 2005, Mayer et al., 2007) [146,143,150],
ethylene vinyl alcohol (Dmochowski et al., 2002b)
[147], and carbon spheres (Lightner et al., 2001,
Andersen, 2002) [144,145] gave improvements
equivalent to collagen [EL=2]. Porcine dermal implant
gave improvements comparable to silicone at six
months (Bano et al., 2005) [148] [EL=2]. A comparison
of periurethral and transurethral methods of delivery
of the bulking agent found similar outcome but a
higher rate of early complications in the periurethral
group (Schulz et al., 2004) [149] [EL=1].

Many published case series exist in the literature
describing each of the bulking agents mentioned here;
50 of these are reviewed in the systematic review
forming the basis of the NICE guidance (National
Collaborating Centre for Women’s & Children’s Health,
2006, National Institute for Health & Clinical Excel-
lence, 2006b). The methodological problems
surrounding these are even greater than those of the
RCTs described, and they provide little useful additional
data to inform practice.

Several periurethral bulking agents have been
associated with the formation of periurethral
pseudocysts (Abdelwahab & Ghoniem 2007., Hartanto
et al 2003., Sweat & Lightner 1999., Petrou et al
2006., Hagemeier et al 2006., Madjar et al 2006)
[152,153,154,155,156,157]. These collections may
result in a variety of symptoms including pain, voiding
dysfunction and urinary retention. Definitive treatment
consists of transurethral resection, transvaginal needle
aspiration or transvaginal resection.

Summary:

The evidence of benefit from urethral bulking agents
is limited, and appears to be short-term. The only
placebo controlled randomised study found similar
symptomatic improvement with both placebo and
autologous fat [EL=1]. Greater symptomatic impro-
vement was observed after conventional surgery,
although these advantages may need to be seen
against likely higher risks [EL=2]. There is no evidence
that any one bulking agent has advantage over any
other [EL=2]. There are no available data comparing
urethral bulking agents with non-surgical treatments
or with other minimal access surgical techniques. 

Recommendations: 

i) ‘Traditional’ sling procedures (Figure 5)

The term ‘traditional’ sling procedures is used here,
in line with the terminology used in the latest Cochrane
review, (Bezerra et al., 2005) [16] to distinguish open
sling procedures more usually placed at the region of
the bladder neck, from the newer minimal access
mid-urethral tape procedures. 

Sling procedures have been in use since the beginning
of the twentieth century. Many variations in the
technique have been described although it is unclear
which of these materially influence the outcome. The
majority of sling procedures have involved a combined
abdomino-vaginal approach, although totally abdo-
minal procedures are described. Suspended or ‘sling
on a string’ methods have been developed in order
to reduce the invasiveness of the procedure, and to
shorten the length of sling material. As with needle
suspension procedures, bone anchoring has been
used as an alternative form of sling suspension.

Sling materials vary widely, and whilst perhaps having
only limited effect on initial efficacy, may have
considerable impact on the longevity of procedures,

materials for consideration as urethral bulking
should be subject to robust evaluation by
appropriately powered well designed RCT with
long-term follow-up before widespread intro-
duction into clinical practice. [Grade D]

If urethral bulking agents are to be used, women
should be made aware that repeat injections
are likely to be required to achieve efficacy, that
efficacy diminishes with time, and is inferior to
that of conventional surgical techniques; they
should also be aware of alternative minimally
invasive procedures. [Grade B] Newly developed Figure 5 : The Aldridge sling employing rectus

sheath fascia
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or the associated morbidity. Materials may be synthetic
or biological; the latter include autograft (rectus fascia,
fascia lata, round ligament, dermis, vaginal skin, and
gracilis, levator, and rectus muscles), allograft (fascia,
dermis and dura mater) and xenograft (porcine dermis
and small intestinal mucosa, bovine fascia and
pericardium). Both biological and synthetic sling
materials are analysed together in the Cochrane
review, although these were considered separately in
the systematic review underlying the NICE guidance
on urinary incontinence (National Collaborating Centre
for Women’s & Children’s Health, 2006, National
Institute for Health & Clinical Excellence, 2006b).
NICE has also published a non-systematic review of
biological sling procedures under its Interventional
Procedures Programme (National Institute for Health
& Clinical Excellence, 2006a). 

The Cochrane review included 13 RCTs describing a
total of 760 women of whom 627 were treated with sub
urethral slings; four of these are available only in
abstract form and remain unpublished as full peer-
reviewed papers. Five of the trials compared sub
urethral slings with open abdominal retropubic
suspension (Henriksson & Ulmsten, 1978,
Enzelsberger et al., 1996, Sand et al., 2000, Demirci
& Yucel, 2001, Fischer et al., 2001) [84,56-58,158],
and one compared sub urethral slings with Stamey
needle suspension (Hilton, 1989) [96]. In six trials,
different types of sub urethral sling were compared with
each other (Barbalias et al., 1997, Lucas et al., 2000,
Shin et al., 2001, Arunkalaivanan & Barrington, 2003,
Kondo et al., 2003, Viseshsindh et al., 2003) [159-164].
Nine different sling materials were included (Teflon,
polytetrafluoroethylene, prolene, porcine dermis,
lyophilised dura mater, fascia lata, vaginal wall,
autologous dermis and rectus fascia). There were no
comparisons of sub urethral sling with anterior repair,
laparoscopic retropubic suspension, urethral bulking
agents or artificial urinary sphincter. One trial compared
surgery (including slings) with anticholinergic medi-
cation. The systematic review underlying the NICE
guidance on urinary incontinence (National Collabo-
rating Centre for Women’s & Children’s Health, 2006,
National Institute for Health & Clinical Excellence,
2006b) included three further RCTs comparing
pubovaginal sling with TVT ((Lucas et al., 2004, Bai
et al., 2005, Wadie et al., 2005) [165,60,166] and
open colposuspension (Bai et al., 2005) [60], or other
sling procedures (Lucas et al., 2004) [165]. We
identified a further publication of longer-term outcomes
from one of the included RCTs (Guerrero et al., 2007)
[167] and one new study (Tennstedt & Urinary
Incontinence Treatment Network, 2005, Albo et al.,
2007, Mallett et al., 2008, Richter et al., 2008)
[61,46,62,63]. Hence material from 15 RCTs is
considered here (see table 7).

In comparison with open colposuspension the objective
cure rate from sling operations was not significantly

different within the first year (RR 0.19; 95% CI 0.02
to 1.53) or on longer follow-up (RR 0.49; 95%CI 0.17
to 1.42) [EL=1]. Other outcomes were not analysable
in the Cochrane review. The most recent, and by far
the largest and most rigorous RCT of colposuspension
and fascial sling randomised 655 women of whom
520 were assessed at 24 months; this was not included
in the Cochrane review. This showed significantly
better combined subjective and objective outcome in
terms of any incontinence 38% vs. 47% (p=0.01) and
SUI 49% vs. 66% (p<0.001) from the sling procedure;
adverse events in general (47% vs.63% (p<0.001)
and voiding difficulty in particular (14% vs. 2%,
p<0.001) were more common in sling group (Albo et
al., 2007) [46] [EL=1].

Only one small trial is available to allow comparison
between sling (porcine dermis) and needle suspension
(Stamey) in a group of women unsuitable for
abdominal colposuspension because of vaginal
narrowing secondary to either previous interventions
or atrophic change (Hilton, 1989) [96]. Although there
were no differences in objective cure rates at 3 or 24
months, peri-operative complications (RR 4.50; 95%
CI 1.28, 15.81) and length of hospital stay (RR 13.00;
95% CI 5.00, 21.00) favoured the needle suspension
procedure [EL=2].

In the Cochrane review, trials comparing rectus fascia
with other materials heavily weighted the comparison
different types of sling (Bezerra et al., 2005) [16].
Failure rates were similar both in the short (RR 0.96;
95% CI 0.59, 1.55) and long-term (RR 0.69; 95% CI
0.41, 1.16). 

1. SYNTHETIC SLINGS

A silicone sling material reinforced with woven
polyethylene terephthalate (Dacron®) was described
by Stanton and colleagues (Stanton et al., 1985a)
[26]. No high level evidence relating to procedures
utilising this material was identified; three case series
reported outcomes in 124 women (Stanton et al.,
1985a, Korda et al., 1989, Duckett & Constantine,
2000) [26,168,169]. The subjective cure rate was 79%
at mean follow-up of 15 months in one series, and both
subjective and objective cure rates were 83% at 3
months in another. Intra-operative complications were
common, including haemorrhage requiring blood
transfusion (6%) and vaginal, bladder or urethral
perforation (7% each). The need for sling adjustment
or removal because of sinus or fistula formation was
found in all series, and sling removal was required in
5 out of 7 patients (71%) in one series (Duckett &
Constantine, 2000) [169] [EL=3]. 

Three small controlled trials evaluated a
polytetrafluoroethylene (PTFE – Gore-Tex®) sling in
comparison to open colposuspension (Sand et al.,
2000, Culligan et al., 2003) [57,59], rectus fascial
sling (Barbalias et al., 1997) [159], and vaginal wall
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sling(Choe et al., 2000) [170] (total n = 124). In a RCT
against open colposuspension, although the groups
were different at baseline in terms of the proportion
with detrusor overactivity (DO), cure rates with PTFE
were not significantly different from open colposus-
pension at 2.5 years (objective 100% vs. 85%;
subjective 84% vs. 93%) (n = 36) (Sand et al., 2000,
Culligan et al., 2003) [57,59] [EL=2]. In a RCT against
fascial sling the combined objective and subjective cure
rates were 88% and 81%, respectively, at 6 months
(Barbalias et al., 1997) [159]. A quasi-randomised
comparison with vaginal wall sling gave no statistical
analysis, but found combined subjective and objective
cure in 95% vs. 75% at mean follow-up of 22 months
(Choe et al., 2000) [170] [EL=2]. Again, the need for
sling removal is common, reported in up to 31%
(median 8%) in a review of case series within the
systematic review underlying the NICE guidance on
UI (National Collaborating Centre for Women’s &
Children’s Health, 2006, National Institute for Health
& Clinical Excellence, 2006b) [EL=3].

Only low level evidence is available to evaluate slings
made of polyester (Mersilene®). Four case series
evaluated a Mersilene® sling with follow-up from a
mean of 2 years to 5 years (Kersey, 1983, Kersey et
al., 1988, Guner et al., 1994, Young et al., 2001) [171-
174]. Subjective cure rates across the studies ranged
from 50% to 96% (median 84%). The objective cure
rate in 52 women followed-up at 5 years in one study
was 94%, compared to 95% at 1 year (although this
only represented a quarter of the women treated)
(Young et al., 2001) [174] [EL=3].

2. BIOLOGICAL SLINGS

Nearly all RCTs of biological slings compare the
autologous rectus fascial sling procedure with a range
of other surgical interventions. RCTs evaluating dura
mater and porcine dermal slings were also identified. 

i) Rectus fascial sling

One RCT compared autologous rectus fascial sling
with periurethral silicone injection in women with stress
UI secondary to ISD in whom conservative treatment
had failed. At 6 months, no significant differences
were seen between groups in subjective cure or
satisfaction, QOL (UDI-6, IIQ). Significantly more
women undergoing sling surgery were objectively
cured on the basis of urodynamic assessment (81%
vs. 9%; p=0.0001), but duration of the procedure,
catheterisation, inpatient stay, and time to return to
normal activities were significantly longer. A survey of
two-thirds of the women at 5 years found no statistically
significant differences between groups in urinary
symptoms or in satisfaction with surgery (n = 45).557
[EL=2]

Open continence surgery (a suspension procedure in
46% and fascial sling in 54%) was compared with
periurethral collagen in women with stress or mixed

UI in a further RCT. Again there were no significant
differences in patient satisfaction or QOL (SF-36, IIQ)
between groups at 1 year. Using intention-to-treat
analysis there was no significant difference in
continence rates at 1 year (52% collagen, 55%
surgery); if only the 89% of women who underwent
the randomised intervention were considered, the
continence rate with surgery was significantly higher
(72% vs. 53%; p=0.01). The incidence of adverse
effects was significantly higher in the surgery group:
urinary retention 13% versus 2%, transient voiding
difficulty 36% versus 17%, UTI 6% versus 0% (n = 133)
(Corcos et al., 2005) [140] [EL=2].

Three RCTs have compared autologous rectus fascial
sling with TVT involving a total of 284 patients (Bai et
al., 2002, Lucas et al., 2004, Wadie et al., 2005)
[175,165,166]. Cure rates at 12 months (symptom-free
+/- negative stress test in the different studies) were
83%, 87%, and 88% following TVT and 81%, 82% and
93% following rectus fascial sling; one of these trials
also had a colposuspension arm, which had a 12
month cure rate of 88% (Bai et al., 2002) ’175], and
one a porcine dermis sling arm with a cure rate of
only 53% (Lucas et al., 2004) [165] [EL=1/2]. One
quasi RCT compared autologous rectus fascial sling
with a self-fashioned polypropylene sling in 50 women,
with similar findings (Kuo, 2001) [176] [EL=2]

One RCT compared rectus fascial and PTFE slings
in women with stress UI, 92% of whom had had prior
continence surgery. Combined objective and subjective
cure rates were 81% and 88%, respectively, at 6
months. No complications were reported in the fascial
sling group, whereas urethral erosion, recurrent UTI
and de novo DO were very common with PTFE (n =
48) (Barbalias et al., 1997) [159] [EL = 1].

Rectus fascial and vaginal wall slings were compared
in one RCT and two non-randomised retrospective
studies (Kaplan et al., 1996, Viseshsindh et al., 2003,
Rodrigues et al., 2004) [177,164,178]. All were
considered to be of poor quality. The RCT reported
high subjective cure, and satisfaction rates (80–100%),
with median follow-up of 7 months (n = 26).
(Viseshsindh et al., 2003) [164] [EL=2]. The non-
randomised studies reported similar ‘success’ rates
with both interventions, ranging from 80% to 97%,
with follow-up of 21 months, and 70 months versus
45 months (n = 232, n = 79) [EL=2].

One RCT compared two techniques of fascial sling in
168 women with urodynamic stress UI 89% of whom
had had prior continence surgery. Women underwent
a standard fascial sling procedure or a ‘sling on a
string’ (a shorter sling mounted on each end with a
nylon thread). At 1 year, subjective cure rates were
84% using both techniques. Satisfaction and changes
in IIQ scores were also similar in both groups, whereas
improvements in UDI scores were greater with the
standard approach (adjusted for differences in baseline
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UDI data) (Lucas et al., 2000) [160]. A further follow-
up of women in this study was recently reported at 5
to 7 years (Guerrero et al., 2007) [167]. There were
no significant differences in symptoms of SUI or UUI
between groups, with 40%-53% vs. 36%-51%
reporting SUI in sensitivity analysis [EL=1].

Case series of autologous rectus fascial sling were
reviewed within the systematic review underlying the
NICE guidance on urinary incontinence (National
Collaborating Centre for Women’s & Children’s Health,
2006, National Institute for Health & Clinical
Excellence, 2006b). Ten series including a total of
1280 women were considered. Studies had a mean
or median duration of follow-up between 2 and 6
years; in three studies, maximum follow-up of 15–18
years was reported. Subjective cure rates ranged
from 26% to 97% (median 81%); and cure that
included subjective and objective elements 73% to
95%. Satisfaction rates of 86% and 92% were reported
in two studies.

ii) Dura mater sling

One RCT compared dura mater sling with open
colposuspension in 72 women with SUI after
hysterectomy. The combined objective and subjective
cure rates were 92% versus 86%, at about 3 years.
Significantly more women in the sling group had
voiding difficulty or retention postoperatively, both of
which were common, and more women developed
rectocele in the colposuspension group. Bladder
perforation and de novo urgency were common in
both groups. Time to spontaneous voiding was
significantly longer in the sling group (n = 72)
(Enzelsberger et al., 1996) [56] [EL=1].

iii) Porcine dermis sling

One small RCT compared a porcine dermis sub
urethral sling with the Stamey needle suspension
procedure in 20 women with stress UI who were
considered unsuitable for colposuspension. At 2 years,
subjective cure rates were 90% versus 70%.
Intraoperative blood loss and postoperative infection
were significantly more common in the sling group.
Other common complications in both groups were
bladder injury and de novo DO (n = 20) (Hilton, 1989)
[96] [EL=2].

One RCT comparing porcine dermis sling (Permacol®)
with TVT™ found no significant differences operating
time, hospital stay, complication rates, or subjective
cure at 1 year (85% vs. 89%) (Arunkalaivanan &
Barrington, 2003) [162] nor in cure (88% vs. 82%) or
satisfaction at 3 years, assessed by mailed
questionnaire (77% vs. 80%) (Abdel-Fattah et al.,
2004) [179] [EL=1]. One can only speculate why this
study found comparable results between Permacol®
and TVT™, whereas the 3-arm trial cited above found
such significantly poorer results from Permacol® to
require the premature curtailment of recruitment (Lucas
et al., 2004) [165].

iv) Autograft vs. allograft vs. xenograft

Seven non-randomised studies compared the
outcomes of autologous and allograft slings in a total
of 786 women with SUI; one also compared both
interventions with a xenograft material (porcine
dermis). All were retrospective reviews, each with
differences in duration of follow-up for the interventions
evaluated (between 3 months and 3 years), with drop-
out rates of 4% to 34%; between 16% and 82% in
different studies underwent other concomitant
surgeries; all were considered to be of poor quality
(Wright et al., 1998, Brown & Govier, 2000, Soergel
et al., 2001, Flynn & Yap, 2002, O’Reilly & Govier,
2002, Almeida et al., 2004, McBride et al., 2005,
Simsiman et al., 2005) [180-187] [EL=2]. 

Four of these studies compared autologous with
allograft (cadaveric) fascia lata. Three of these studies
reported similar results for all outcomes (subjective
cure, satisfaction, and UDI-6, IIQ-7 and SEAPI scores)
(Wright et al., 1998, Brown & Govier, 2000, McBride
et al., 2005) [180,181,186]; the fourth study reported
significantly higher cure rates in the autologous group
(Almeida et al., 2004) [185] [EL=2].

In three studies that compared autologous rectus
fascia or fascia lata with allograft fascia lata, two found
a significantly higher cure rate in the autologous
group(Soergel et al., 2001, Simsiman et al., 2005)
[182,187]; the other found no significant differences
in cure rate, although satisfaction rates were higher
in the autologous group after 2 years follow-up(Flynn
& Yap, 2002) [183]. In the study with a xenograft arm,
cure rates were significantly higher with autograft
material (Simsiman et al., 2005) [187] [EL=2].

Summary:

The conclusion of the Cochrane review was that data
on sub-urethral sling operations remain too few to
adequately address the effects of this type of surgical
treatment. They highlight the fact that many studies
fail to address appropriate outcome measures to
address the broader effects of the surgery, such as
general health status and health economics. They
also emphasise that reliable evidence on which to
judge whether or not sub-urethral slings are better or
worse than other surgical or conservative management
is currently not available.

Autologous rectus fascial sling is the most widely
evaluated biological sling, which is an effective
treatment for SUI and has longevity [EL=1]. Limited
data suggest that pubovaginal sling using porcine
dermis is also effective [EL=1], although data relating
to other biological slings are few, and generally of
poor quality. There is limited evidence that rectus
fascial sling may be as effective as or more effective
than open colposuspension, although adverse events
and voiding difficulty in particular may be more
common [EL=1]. There is no high level evidence of a
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difference in efficacy between biological and synthetic
sling materials, although adverse events may be more
common following the use of synthetic materials for
‘traditional’ sling procedures [EL=3]. There is no high
level evidence of a difference in efficacy between
different biological sling materials, although those
studies that find a difference all favour autologous
materials [EL=2]

Recommendations: 

2. MID-URETHRAL TAPES

The Tension-free Vaginal Tape (TVT) procedure for
treatment of female urinary stress incontinence was
first introduced by Ulmsten et al. in 1996. The
development of the TVT operation was an attempt to
support the middle portion of the urethra instead of
restoring anatomy and correct urethral hypermobility
at the bladder neck. 

The idea of supporting the “mid-urethra” derived from
discoveries of several research projects conducted
during the last thirty years. Zaccharin already in 1968
[581] and DeLancey in 1994 [582] showed that the
pubourethral ligaments inserted at the mid-urethra
and that the urogenital diaphragm also was more
close to the middle portion of the urethra than the
bladder neck. 

Owman et al. 1978 found that the most densely
innervated portion of the urethra was the middle part
and Huisman in 1983 [583] in histological studies
showed that the mid-urethra had the most abundant
vascularisation. 

When Westby et al. 1982 [584] in radiographic studies
showed how the urine stream was interrupted at the
mid-urethra on holding in continent women and
Asmussen et al. 1983 [585] showed that the maximal
urethral closure pressure was situated at the mid-
urethra it became apparent that focus on the mid
urethra might bring improvement in the performance
of incontinence surgery. 

Prospective observational cohort studies revealed
that placing a macroporous, monofilament polypropy-
lene tape at the mid urethra resulted in cure rates
between 80-90 % in primary cases of stress
incontinence ( Ulmsten et al 1996, Ulmsten et al 1998,
Nilsson 1998, Ulmsten et al 1999, Nilsson et al 2001)
[188-192], in recurrent cases (Rezapour and Ulmsten
2001, Kuuva and Nilsson 2003) [193, 194], in mixed

incontinence cases (Rezapour and Ulmsten 2001)
[607] and in an unselected group of women including
primary, recurrent and mixed incontinence as well as
women with intrinsic sphincter deficiency (Nilsson
and Kuuva 2001) [195]

a) RCT:s comparing TVT with traditional incon-
tinence operations (Figure 6)

Only around 12 randomized clinical trials comparing
TVT with traditional incontinence procedures have
been published in peer reviewed journals. Five of
these compare TVT with open colosuspension (Ward
et al. 2002, Liapis et al. 2002, Wang et al 2003, Bai
et al. 2005, El-Barky et al. 2005) [65,64,66,60,68],
four compare TVT with laparoscopic colposuspension
(Persson et al. 2000, Ustun et al. 2003, Paraiso et al
2004, Valpas et al. 2004) [119,120,122,123], two
compare TVT with a fascial sling (Bai et al. 2005,Wadie
et al. 2005) [60,166] and one compares TVT with no
treatment (Campeau et al. 2007) [196]. These articles
are listed in Table 1. A limitation to the conclusions that
can be drawn from the results obtained in these studies
is the fact that most of the trials include only 23 -50
patients in each arm with no mention of power
calculations. The trials by Ward et al. 2002, 2004,
2008 [65,67,64] and Valpas et al. 2004 [123] enrolled
a greater number of patients and included power
calculations, but neither reached the required number
of patients. 

Autologous fascial sling is recommended as an
effective treatment for stress urinary
incontinence, which has longevity. [Grade A]

Further high quality research is required to
clarify the place of ‘traditional’ sling procedures
in relation to other procedures, and to establish
the optimum sling materials. [Grade D]

Figure 6 : The tension free vaginal tape (TVT)
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b) TVT vs Colposuspension

Four of the studies comparing TVT with open
colposuspension used objective outcome measures
for defining cure: 1 hour pad test (Ward et al. 2002,
2004, 2008, Liapis et al. 2002, Wang et al. 2003)
[65,67,45,64,66], cystometry (Ward et al. 2002) [65]
and a stress test (Ward et al. 2002, 2004, Bai et al.
2005) [65,67,60]. The study by El-Barky et al 2005 [68]
only used subjective outcome measures. None of
these studies found any statistical differences in
objective cure rates between the two operations. The
cure rate varied between 63 and 87 % in the TVT
groups and between 51 and 90 % in the open
colposuspension groups. The time period of follow-up
was between 3 and 24 months in all five trials except
the 5 years extension of the Ward et al. 2008 study.
This five years report is, however, hampered by a 58
% lost to follow-up in the TVT group and a 67 % lost
to follow-up in the colposuspension group. Subjective
cure was mostly poorly defined and validated quality
of life questionnaires was only used in the Ward et al.
2002 [65] study finding no difference in subjective
cure between the TVT and the colposuspension
groups.

Operation time, hospital stay and time for resuming
normal activity was significantly shorter in the TVT
groups (Ward et al. 2002, Liapis et al. 2002, El Barky
et al. 2005) [65,64,68]. The percentage of intra-
operative bladder perforations was significantly greater
in the TVT group than in the colposuspension group,
9 % and 3 % respectively, in the Ward et al. 2002
study while El Barky et al. 2005 reported no
perforations in the colposuspension group and two in
the TVT group (< 0.05). Wound infections were more
common in the colposuspension group (<0.05). 

Significantly more patients experienced delayed
voiding in the colposuspension group in the Ward et
al. 2002 [65] study and in the 2 years follow-up report
of the same study there were significantly more
patients in the colposuspension group needing
intermittent self catheterization (<0.0045) and surgery
for pelvic organ prolapse (<0.0042) than in the TVT
group. 

c) TVT vs Fascial sling

The study by Bai et al. 2005 [60] actually compared
TVT with both open colposuspension and a fascial
sling and found that at 3 and 6 months follow up there
was no difference in cure rate between the operations,
but at 12 months the fascial sling operation had a
significantly higher cure rate of 92.8% than the
colposuspension and TVT operations, 87.8% and
87.0% respectively. No difference in cure rates was
found between the TVT and the fascial sling operations
in the study by Wadie et al.2005 [166]. In an interesting
study by Campeau et al. 2007 [196] elderly women
over the age of 70 years were randomized either to

immediately receive TVT surgery or had to wait for 6
months for surgery. Follow-up at 6 months by different
quality of life questionnaires revealed highly
significantly (<0.0001) higher quality of life in the
operated women, even though 22.6% experienced
bladder perforation and 12.9% urinary retention as a
result of the surgery.

d) TVT vs laparoscopic colposuspension

Laparoscopically performed colposuspension has
been compared with the TVT operation in four
randomized trials (Persson et al. 2000, Ustun et al.
2003, Paraiso et al. 2004, Valpas et al. 2004)
[119,120,122,123] and with modified mid-urethra tape
procedures as the transobturator route of tape
placement (TOT) and tape placement retropubically
by an abdominal approach (SPARC) in two trials: TOT
by Sivaslioglu et al. 2007 and SPARC by Foote et al.

2006197.

In the studies comparing TVT, TOT or SPARC with
laparoscopic colposuspension objective cure was
assessed by a pad test in 2 of the six studies (Persson
et al. 2000, Valpas et al. 2004) [119,123], by a stress
test in four of the studies (Ustun et al. 2003, Paraiso
et al. 2004, Valpas et al. 2004, Sivaslioglu et al. 2007)
[120,122,123,47] while the criteria for cure or
improvement was rather unclear in the study by Foote
et al. 2006 [197]. The trial by Valpas et al. 2004 [123]
with the greatest number of patients enrolled showed
a significantly higher objective and subjective cure
rate in the TVT group than in the laparoscopic
colposuspension group (<0.0001), while the other
studies showed similar cure rates for both procedures
ranging between 72.9% and 96.8% in the TVT groups
and between 58.8% and 87% in the laparoscopic
colposuspension groups.

Although laparoscopically performed colposuspension
is regarded as a less invasive operation than the open
colposuspension the mid-urethra tape procedures
had significantly shorter operating time (<0.001),
hospital stay (<0.001) and time for resuming normal
activity (<0.01 -0.001) than the laparoscopic
colposuspension.

e) Metanalyses of TVT vs other procedures

Novara et al. 2007 [586] published a meta-analysis
of randomized controlled trials comparing Tension-
free mid-urethral slings with other surgical procedures
for treatment of stress incontinence. They concluded
by meta-analysis that the TVT procedure outperformed
the Burch colposuspension and that the efficacy of the
TVT was similar to pubo-vaginal slings. A review by
Dean et al. 2006 [18] including seven randomized
trials comparing laparoscopic colposuspension with
TVT found an overall objective cure rate within 18
months of follow-up to be significantly higher in the TVT
group.



1219

f) RCTs comparing TVT with modifications of
the retropubic tape placement  

The favorable results obtained with the TVT operation
have resulted in several modifications of the procedure
and the use of different tape materials. These
retropubic modifications have been poorly clinically
evaluated and only seven randomized studies
comparing these with the TVT have been published.
Three trials compare the TVT with the Supra Pubic Arc
Sling (SPARC) which utilizes a polypropylene tape
material, but differs from the TVT by approaching the
mid-urethra from an abdominal incision (Tseng et al
2004, Adonian et al. 2005, Lord et al. 2006).
[198,199,200] The study by Lord et al. including 147
TVT and 160 SPARC cases showed a significantly
higher subjective cure rate in the TVT group. They also
found that the SPARC procedure was significantly
more often associated with tape erosion and was
more difficult to adjust with the need of tape loosening
in the operating theater than the TVT procedure
(<0.002). Tseng et al.[198] reported a 12.9 % of bladder
perforation in the SPARC group with none in the TVT
group. The difference was not statistically significant
in this small study with only 31 patients in each group,
but the authors stated it to be clinically significant.

One study compares TVT with an allogenic graft
material made from acellular porcine collagen, the
Pelvicol. Arunkalaivanan et al.[162] report on the
results in two articles, the 12 months results in 2002
and the 36 months results in 2004. Outcome was
assessed in both reports by a postal questionnaire and
found no difference in subjective cure rate between
the groups of 68 TVT operations and 74 Pelvicol
operations.

Three trials compare TVT with the Intra Vaginal Sling
(IVS) procedure, which utilizes a multifilament,
miniporous polypropylene tape material (Rechberger
et al. 2003, Lim et al. 2005, Meschia et al. 2006) [201-
203]. In the study by Meschia et al. including 95
patients in each group the objective cure rate was
85% for the TVT and 72% for the IVS and the
subjective cure rate was 87% and 78% respectively,
with no difference between groups. There was a 9%
erosion rate during the 2 years of follow-up in the IVS
group, with none in the TVT group. Rechberger et all
found no difference between the groups in their 13
months follow-up of 50 patients per group. Lim et al.
[77] compared TVT with both IVS and SPARC, with
65 patients in each group. The subjective cure rates
between 6 and 12 months of follow-up were 87.9%
in the TVT group, 81.5% in the IVS group and 72.4%
in the SPARC group, the differences not being
significant. They found a significantly greater rate of
tape protrusion in the SPARC group compared to
both TVT and IVS (<0.04). Most concerning is the
report by Balakrishnan et al. 2007 [587] in which they
followed the subgroup of IVS patients of the Lim et al
[202]. study for up to 30 months and found that 13%

had sling erosions requiring sling removal and that of
the 29 patients (47%) of the initial IVS group who
were seen 12 to 34 months post-operatively 24%
experienced sling erosion with sinus formation and
requiring sling removal.

The meta-analysis by Novara et al. 2007 [586]
concludes that the TVT is more effective than both the
IVS and the Sparc.

g) RCT:s comparing TVT with transobturator
tape placement (Figure 7)

The retropubic placement of the mid-urethra tapes
has been associated with the risk of bladder injury, the
rates varying between 0.8% and 21 % in different
reports (Wang 2004, Andonian et al. 2005) [204,199].
Two systematic registries on the rates of complications
associated with the TVT operation have been
published, one from Finland including the first 1455
operations performed nation-wide and one from Austria
including 2795 operations (Kuuva and Nilsson 2002,
Tamussino et al. 2001) [205,206]. 

The rates of bladder perforation were 3.8% and 2.7%
respectively. To avoid bladder injuries Delorme in 2001
[588] introduced a modified tape procedure in which the
tape was brought to support the mid-urethra from inside
the thighs through the obturator foramens on both
sides, the so called outside-in transobturator tape
procedure (TOT). De Leval in 2003 [589] further modified
the procedure to be an inside-out procedure called the
Tension-free Vaginal Tape-Obturator (TVT-O).

The original retropubic TVT has been compared with
the inside-out TVT-O in six randomized trials (Zullo et
al. 2007, Meschia et al.2006, Liapis et al. 2006, et al.
Laurikainen et al 2007, Araco et al. 2008, Rinne et al.
2008) [207,203,208,209,210], and with the outside-
in TOT in two trials (Andonian et al. 2007, Porena et
al. 2007) [212,213] Wang et al. 2006 [590] compared
the TOT with SPARC and found no difference in cure
rate or rates of complications between the group of
31 TOT patients and 29 SPARC patients.

Figure 7 : The transobturator tape
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Five of the studies comparing TVT with TVT-O included
power calculations either for detection of differences
in cure rates and complication rates (Meschia et al.
2006, Laurikainen et al. 2007, Rinne et al. 2008)
[203,209,211], or only for detection of differences in
complications (Zullo et al. 2007) [207]. The study by
Liapis et al [208] reported no power calculations. No
differences in the overall objective or subjective cure
rates were seen between the TVT and the TVT-O
procedures during follow-up periods of 6 to 12 months.
The only statistically significant difference in objective
cure rate was seen in the Araco et al. [210] report
where a stratification between mild and severe stress
incontinence had been made. They found a
significantly higher cure rate in the TVT patients with
severe stress incontinence than in the TVT-O patients
with the same condition: 100% versus 66 % cure
respectively (<0.001).

Somewhat contradictory results concerning
complications arise from the trials. The reports by
Meschia et al.[203] and Laurikainen et al., [209]
including 3-4 times more patients than the reports by
Zullo et al. [207] and Liapis et al. [208] show either no
differences in the overall number of complications or
a significantly higher rate of overall complications in
the TVT-O group (Laurikainen et al.) It is not clear
from the Zullo et al. study, which showed a higher
complication rate for the TVT, how the overall
complication rate was calculated.

The two trials comparing TVT with TOT (Porena et al.
2007, Andonian et al.2007) [213,212] found no
difference in cure rates between the procedures.
There were no differences in complication rates
between the procedures in the Porena et al. report,
while Andonian et al. reported significantly greater
rates of complications in the TOT than in the TVT
group.

Two trials have compared the inside-out procedure
(TVT-O) with the outside-in procedure (TOT). But and
Faganelj 2007 [591] included 60 patients in each
group and found no difference in subjective cure rate
between the procedures at 4 months follow-up, 90.7%
for the TVT-O and 88.7% for the TOT respectively. Lee
et al. 2008 [592] concludes that in their underpowered
study no differences in objective or subjective cure rate
was seen and no differences in complication rates.

h) Metanalyses

The meta-analysis by Novara et al 2007 [586] found
overlapping cure rates with the retropubic and
transobturator procedures. A meta-analysis by Latthe
et al. 2007 [593] also arrived at equal cure rates for
both the retropubic and transobturator route of mid-
urethra tape placement the follow-up period though
being only 2-12 months. There seems to be no
difference in complications between the TVT procedure
and the transobturator procedures.

CONCLUSION

There is evidence that the retropubic TVT is more
effective than the Burch colposuspension and equally
effective as traditional fascial sling operations (Level
1/2).

Operation time, hospital stay and time to resume
normal daily activity is shorter with the TVT than with
colposuspension. Post-operative voiding problems
and need for urogenital prolapse surgery are more
commonly associated with colposuspension, while
bladder perforation is more commonly associated
with TVT (Level 1/2).

TVT is more effective than the IVS and the SPARC
procedure (Level 1/2).

Retropubic and transobturator placement of
monofilament tapes at the mid-urethra perform equally
at a short term follow-up of 6 to 12 months and overall
complication rates are comparable (Level 1/2) (Table
7 a).

1. AGE

Although there is extensive historical reporting of
efficacy and low morbidity associated with various
sling technologies, the affect of age on outcomes is
relatively undefined. The affect of aging on the lower
urinary tract includes a higher rate of detrusor
overactivity, as well as, urge incontinence and intrinsic
sphincteric deficiency. In addition, older patients are
more likely to have had prior interventions, and may,
therefore, may have a higher rate of peri-urethral
fibrosis and/or other abnormalities in the area tissues
surrounding the lower urinary tract. The presence of
multiple co-morbidities may also affect overall surgical
outcome, including creating the possibility for increased
complication and prolonged post-operative course.
Variable rates of success have been reported by
numerous authors [214,215,216]. 

When evaluating mid-urethral slings in older women,
the definition of age is controversial. The most
extensive study of older patients is that of Gordon
[217], who evaluated 460 consecutive women
undergoing transvaginal tape (TVT). By chara-
cterization of age (greater than 70 years), 157 (34%)
were considered to be elderly. These patients
underwent pre-operative and three-month post-
operative urodynamic outcomes, as well as symptom
appraisal. All patients were followed for at least twelve
months, with a mean follow-up of 26 months. In the
older age population, there was a greater prevalence
of mixed incontinence (31%), when compared to the
younger patients (23%). In addition, concomitant pelvic
organ prolapse surgery was undertaken in a greater
percentage of the older patients (84%), when

II. CONFOUNDING VARIABLES
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compared to the younger patients (67%). Intra-
operatively, the rates of blood loss between older and
younger patients were similar, although there were
fewer bladder perforations encountered in the elderly
patients. Post-operative complications such as wound
infection and urinary tract infection were similar
between the two groups but older patients experienced
age-related problems at a greater rate, including
pulmonary embolism (two); DVS thrombosis (one);
pneumonia (one); and cardiac arrhythmia (two). There
was no increased risk of device erosion or extrusion
in the older patients. There was also no significant
difference between the two groups in post-operative
voiding dysfunction although one patient in the older
group did require urethrolysis. Failure to cure SUI
was not encountered to any greater extent in the
older population and rates of post-operative urge
incontinence were also similar. A higher rate of de
novo urge incontinence was encountered in the older
patients (18% versus 4%). Smaller studies have
documented the higher rates of de novo urgency in
older patients [218] 

In one study the authors analyzed the potential
influence of lack of urethral hypermobility (as defined
as Qtip test < 30 degrees) [229]. Of those patients with
no hypermobility, 71% were cured, compared with
100% with a positive Qtip test (>30 degrees). The
rate of retention immediately post-operatively was
26.3%, and only one patient had persistent urinary
retention of greater than one week. At a mean follow-
up of 24.6 months, 67% of the patients were
considered to be cured by subjective and objective
means; ten (13.7%) had persistent SUI, and 14
(18.4%) had de novo urge incontinence. These results
suggest that pre-operative urethral hypermobility in
both younger and older women is associated with a
higher cure rate. 

Post-operative voiding dysfunction and especially
de novo urgency, appears to occur at a greater rate
in older populations, as compared to the younger
populations. Iallahdin estimated a post-operative
urgency symptom rate of 60% in women older than
70 years, of whom 44% had de novo symptoms.
Additionally, a sensation of impaired post-operative
emptying was also reported by Sevestre [218]. 

Considering the overall impact of voiding dysfunction
and other complications in overall quality of life, Walsh,
using King’s Health Questionnaire, noted that younger
patients (defined as less than 70 years) experienced
a greater improvement following stress incontinence
surgery than older patients [219]. In addition, older
patients had a higher rate of detrusor overactivity,
pre-operatively (24% versus 9%), and also had a
higher rate of prior surgery for incontinence (67% vs.
28%). They identified a similar post-operative outcome,
but with a somewhat extended post-operative
hospitalization, as compared to the younger popu-
lation. T
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2. RACE

There are clear differences in the prevalence of SUI
among racial groups(Dooley, Kenton et al. 2008) [594]
(Anger, Saigal et al. 2006) [221] however whether
these differences have implications in the treatment
of SUI, especially the surgical treatment of SUI, is
unclear.  Racial disparities in the US may exist among
patients undergoing surgery for SUI.  In one study in
US women over the age of 65, Caucasians and
Hispanics were more likely to be diagnosed with SUI
and undergo sling surgery for the condition as
compared to non-whites(Anger, Rodriguez et al. 2007)
[232]. One other study suggested that US Caucasians
are 5x more likely to undergo SUI surgery than
blacks(Waetjen, Subak et al. 2003) [223]. However,
non-whites are approximately twice as likely to suffer
complications as a result of the surgery(Waetjen,
Subak et al. 2003) [223] (Anger, Rodriguez et al.
2007) [222]. Whether this is due to actual racial
differences or other factors such as disparities in
health care services is unclear. Race does not appear
to be related to symptom severity or bother in those
undergoing SUI surgery(Kraus, Markland et al. 2007)
[224] and does not appear to be independently
associated with quality of life outcomes(Ragins, Shan
et al. 2008) [595] or surgical outcomes(Daneshgari,
Moore et al. 2006) [226].  

There is little data on whether a particular surgical
approach is more effective or is associated with more
morbidity in any given racial group as compared to
another.  The small amount of underpowered data
available suggests that race does not independently
predict for failure following SUI surgery (Richter, Diokno
et al. 2008) [63].

3. OBESITY

There are no prospective randomized studies that
have examined obesity as an independent variable
across different anti-incontinence surgical procedures
or within the same procedure. Obesity has been
studied only retrospectively in case series as a risk
factor for success or morbidity in stress incontinence
surgery (Level 4 evidence).

There are no prospective, randomized trials that
suggest superiority of one surgical technique over
another in the obese population. Recent studies have
focussed on complication rates and outcomes from
mid-urethral tapes; the analysis of the influence of
obesity is therefore divided into mid-urethral tapes
and other surgeries.

a). Other surgeries

Several studies have suggested increased failure
rates among obese patients undergoing needle
bladder neck suspensions (O’Sullivan DC et al 1995)
[227], (Lo TS et al 2003) [228], (Varner RE et al 1990)
[596] or retropubic suspensions (Alcalay M et al 1995)

[82], (Brieger G & Korda A 1992) [230] (Kjolhede
2005) [231]. In contrast a retrospective study of anti-
incontinence surgery in 198 women demonstrated
that overall continence did not correlate with obesity
in patients undergoing anterior colporrhaphy, anterior
colporrhaphy with needle bladder neck suspension or
Burch colposuspension although cure rates were
markedly better in those in the Burch colposuspension
cohort overall (Zivkopvic F et al 1999) [597]. One
small case series suggested that fascial slings are
effective in the morbidly obese patient (Cummings
JM et al 1998) [233]. In this study, 2/4 patients failed
bladder neck suspension surgery whereas there were
no failures in the 12 patients undergoing fascial slings.

b). Mid-urethral tapes

1. COMPLICATIONS OF SURGERY

A review of the influence of obesity on pelvic floor
disorders (Jerod Greer W et al 2008) [234] identified
seven studies which compared the complications of
tension free vaginal tape (TVT) surgeries between
251 obese and 700 non-obese patients. Bladder injury
was the only complication reported consistently enough
for metanalysis in six of the studies. The overall
perforation rates were 1.2% in the obese group and
6.6% in the non-obese group (p=0.015 ; OR 0.277,
95% confidence interval 0.098-0.782).  Only one of
the studies demonstrated a difference in TVT
complications (Skriapas et al 2006) [235]. A higher risk
of immediate post-operative complications was
reported in morbidly obese women (BMI>40)
compared to non-obese women (BMI<30) ; 48.4% in
the morbidly obese compared to 38.5% in the non-
obese. Complications observed in the morbidly obese
but not in the non-obese included minor wound
haematoma (n=2), deep vein thrombosis (n=2),
pneumonia (n=1) and cardiac arrhythmia (n=1) whilst
there was no differences in blood loss, operating time,
hospital stay or length of time catheterised post-
operatively. Jerod Greer W et al also noted that
although TVT surgery on the obese patient is perceived
to be more difficult by surgeons there is no evidence
from a review of seven additional TVT studies that
complications such as blood loss and visceral injuries
is higher in obese patients. Even when a significantly
longer operating time was reported this was not
associated with a higher complication rate (Rogers R
et al 2006) [236].

2. EFFICACY

Although several studies comparing outcome from
TVT in obese and non-obese women report similar
efficacy Jerod Greer et al 2008 found that metanalysis
of seven studies which included 453 obese and 1,186
non-obese women revealed a significant difference in
cure rates (81% vs 85% =<0.001 ; OR 0.576, 95%
confidence interval 0.426-0.779). Most of these studies
are limited by their length of follow up (6-24 months).
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Longer term follow up might be expected to reveal a
progressive increase in the difference in cure rate
between the obese and non-obese. Furthermore,
Hellberg et al 2007 [598] reported that the failure rate
appears to rise more when the BMI is >35 compared
to >30.

There are no studies, prospective or retrospective,
that have suggested obesity has a positive or
favourable influence on outcome in stress incontinence
surgery.

4. PSYCHIATRIC ILLNESS

Despite the obvious association between psychological
or personality factors and satisfaction with treatment,
minimal research has been done on the influence of
such factors on subjective or objective surgical
success. Black et al found women undergoing stress
incontinence surgery in the United Kingdom to be
demographically similar to the general population,
although mental health status was not specifically
compared (Black NA et al 1996) [237]. Baseline
symptom impact correlated positively with mental
health, symptom severity, poorer socioeconomic
status, and youth.

In a study of 45 women who underwent retropubic
cystourethropexy or pubococcygeal repair, baseline
lower neuroticism correlated with subjective and pad
test cure at one year (Berglund A et al 1997) [34].
Higher extraversion correlated with subjective but not
objective cure. Depression decreased in women
objectively cured, but not those improved/failed; the
decrease in depression in those subjectively cured did
not reach statistical significance. Baseline somatic
anxiety, psychic anxiety, and psychasthaenia (obses-
sive-compulsive) characteristics were higher in women
subjectively failed/improved than those cured or than
a reference group. The multiple comparisons and
small sample size in this study make some chance
associations likely. The same subjects analyzed in a
different study showed the cured group to have a
higher baseline degree of social integration than the
improved group (Berglund A et al 1996) [31]. No
differences were found in baseline or follow-up intimate
relationship measures.

Öbrink et al detected above-average levels of
neuroticism and depression in women who reported
failure of their continence surgery without objective
urine loss at 10 to 20 year follow-up (Obrink A et al
1979) [238]. Below-average levels were found in
women with objective but not subjective failure. In 63
women who underwent a Burch procedure, sympto-
matic improvement was associated with fewer sleep
disturbances and less tension (Rosenzweig BA et al
1991) [240]. Subjectively persistent incontinence was
associated with more depression and sleep
disturbance.

There is Level 3 evidence that psychological factors

impact on subjective and objective surgical outcomes
in different ways. No data inform psychological
interventions to improve the outcome of persistent
incontinence or its impact.

5. ACTIVITY

There is no evidence on the influence of post-operative
activity on the cure rate or risk of recurrence of stress
incontinence after surgery.

6. PREVIOUS CONTINENCE SURGERY

As indicated in the review of procedures above, cure
rates following surgery for SUI vary between 20%
and 100%; for many procedures, whilst initial results
may be good, long-term outcomes indicate variable
recurrence rates. The mechanisms underlying initial
failure and later recurrence may be quite different,
although it would be counter-intuitive if prior surgery
were not a significant confounding factor in the
outcome of second-line treatment for SUI. The majority
of studies reporting on surgery for SUI are however
limited to primary cases; many others do not specify
whether cases were primary or recurrent, or are
inadequately powered to undertake subgroup analysis
in this respect. In the review published by Jarvis less
than half the reported patients were specified as
primary or recurrent (Jarvis, 1994) [20]. Jarvis was
however able to extract some useful data on the
outcome of surgery recurrent SUI, and found that the
objective results for traditional sling (mean 86.1%;
95% CI 82.4-89.8%), colposuspension (mean 82.5%;
95% CI 76.3-88.7%) and endoscopic needle
suspension procedures (mean 86.4%; 95% CI 72.4-
100%) were better than other procedures, with sling
having the narrowest confidence intervals (Jarvis,
1994) [20]. 

The previous consultation suggested that women
should be advised that other procedures for recurrent
stress incontinence have been shown to have a lower
success rate than the same procedures used in
primary SUI (although it was also pointed out that
preliminary data on the TVT procedure suggested
similar cure rates in both primary and recurrent cases)
(Smith, et al., 2005) [23]. Amaye-Obu & Drutz
undertook a retrospective review of 118/198 women
treated for recurrent SUI over a 12 year period. Overall,
they found similar subjective and objective cure rates
for the various procedures examined, but found the
cure rate following colposuspension was lower in
women with more than one previous unsuccessful
procedure, whereas the results following slings were
maintained in women who had undergone 2 previous
failed operations (colposuspension 81%, 25% and
0%, sling 77%, 73% and 38%, for 1, 2, and 3 previous
unsuccessful procedures respectively) (Amaye-Obu
& Drutz, 1999) [241] [EL=3]. It should be noted that
the number of patents with >2 previous procedures
in this series was very small.
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a) Open colposuspension for recurrent SUI

Case series reporting the outcome of colposuspension
for the treatment of recurrent SUI after previous
surgical treatment have shown variable results, with
an objective cure rate at median follow-up of 9 months
of 81% and 86% in two studies (Maher, et al., 1999,
Bidmead, et al., 2001) [80,81], but 61% and 65% at
5-15 years in two studies using a Kaplan-Meier
analysis (Alcalay, et al., 1995, Thakar, et al., 2002)
[82,83] [EL=3]. The latter study in particular found no
correlation between outcome and age, past hyste-
rectomy, number of previous incontinence procedures,
parity, body mass index or blood loss at operation
(Thakar et al, 2002) [83].

b) Laparoscopic colposuspension for recurrent
SUI

As noted above, one small RCT reported in abstract
form only compared laparoscopic colposuspension
and TVT in the treatment of recurrent SUI found similar
success, complication and re-operation rates, although
TVT was associated with reduced operating time,
hospital stay and return to normal activity (Maher, et
al., 2004)121] [EL=2]. 

• Traditional sling procedures for recurrent SUI

Despite the supportive conclusions of Jarvis (see
above) (Jarvis, 1994) [20], and the fact that the
biological slings have traditionally been seen by many
as treatment of choice for recurrent SUI, the Cochrane
review on traditional sling procedures reported that the
data on sub urethral sling operations remain too few
to address the effects of this type of surgical treatment.
They felt that reliable evidence on which to judge
whether sub urethral slings are better or worse than
other forms of management was not currently
available; in particular they made no comment on the
application of sling procedures in the management of
recurrent SUI (Bezerra, et al., 2005) [16] [EL=1]. In the
review of procedures we have identified a number of
recently published RCTs examining the effect of sling
procedures; none however adequately address the
question of sling procedures for recurrent SUI.

Since the last consultation a number of small case
series have been published describing a variety of
sling procedures applied to women with recurrent
SUI. Petrou & Frank reported 86% subjective cures
following repeat pubovaginal sling; it should be noted
however that 3/14 women suffered significant post-
operative complications, and only 50% were
considered objectively cured at mean follow-up of 17
months (Petrou & Frank, 2001) [242] [EL=3]. Kane &
colleagues reported 92% (12/13) subjective and
objective cures following a bone-anchored pubovaginal
sling procedures at median 2 year follow-up(Kane,
et al., 1999) [243] [EL=3]. A retrospective series of 72
fascia lata slings found 90% subjective cures at
minimum follow-up of 6 months (Breen, et al., 1997)

[244] [EL=3]. Finally, a series of in-situ vaginal wall sling
procedures was compared with a historical control
group of traditional polytetrafluoroethylene sling
operations in the treatment of recurrent SUI; both
objective (35% vs. 88%) and subjective (61% vs.
93%) were significantly poorer in the index cases(Su,
et al., 1999) [245] [EL=3].

c) Mid-urethral tapes for recurrent SUI

In the previous consultation very limited data were
available on the use of tape procedures in the
treatment of recurrent SUI. Two cohort studies reported
comparable cure rates in recurrent SUI to those in
primary cases at mean follow-up of 9 months (Rardin,
et al., 2002) [246] and 4 years respectively (Rezapour
& Ulmsten, 2003) [193] [EL=3]. Since then only one
RCT and a number of case reports have addressed
the issue of mid-urethral tapes in the management of
recurrent SUI.

One small RCT comparing laparoscopic colposu-
spension and TVT in the treatment of recurrent SUI
found similar success, complication and re-operation
rates, although TVT was associated with reduced
operating time, hospital stay and return to normal
activity (Maher et al, 2004) [121] [EL=2]; this study is
still only available in abstract form. 

In a prospective series of 51 women treated with TVT
for recurrent SUI, the objective cure rate was reported
to be 90% and subjective cure rate 80% at a two-
year follow-up (Kuuva & Nilsson, 2003) [194]. Liapis
et al reported a small series with 12 month follow-up;
the overall cure rate was 70%, although they described
greater success in those with urethral hypermobility
(90%) than those with a fixed urethra (33%) (Liapis,
et al., 2004) [239] [EL=3]. 

The use of repeat TVT has been reported to be
successful in patients with persistent or recurrent SUI
after an initial TVT procedure (Riachi, et al., 2002,
Villet, et al., 2002) [247,248] [EL=3]. Other small case
series or reports have examined the effect of
shortening the original tape, claiming comparable
success rates to those reported from re-operation
(Villet et al, 2002, Lo & Lee, 2004, Paick, et al., 2004,
Nam, et al., 2007) [248,249,250,251] [EL=3].

One case series described five patients with SUI
persisting or recurring after transobturator tape
procedures successfully managed by a retropubic
tape (Moore, et al., 2007) [252] [EL=3]. 

Summary

The role of previous continence surgery as a
confounding factor is poorly understood, and further
high level evidence is needed in this area. 

It is received wisdom that most continence procedures
when used in recurrent stress incontinence will have
a lower success rate than the same procedures used



1226

in primary SUI. It has been suggested that results
may be even poorer following several failed
procedures. There is limited low level evidence to
support this latter contention [EL=3].

Short-term follow-up suggests that the results of open
(and laparoscopic colposuspension) in recurrent SUI
may in fact be comparable to those in primary cases;
long term results from ‘survival analysis’ suggest a
greater fall off in cures following the application of
colposuspension in recurrent SUI [EL=3].

Previous meta-analysis has suggested that the results
from traditional slings are as good as or better than
other procedures. In primary SUI (or series where
the surgical history is not specified) slings appear to
have longevity. Limited low level evidence suggests
high success rates in recurrent SUI; high level evidence
and long-term follow-up are not available in this patient
group [EL=3].

Limited low level evidence suggests that TVT is
associated with a similar success rate in recurrent
SUI to that seen in primary cases [EL=2/3].

This seems to apply whether TVT is applied following
a previously unsuccessful TVT, other mid-urethral
tape procedures, or other forms of continence surgery
[EL=3].

There are not sufficient data on tape shortening or re-
tensioning to evaluate these procedures.

Recommendation

7. HYSTERECTOMY AT THE TIME OF 
CONTINENCE SURGERY

Based largely on low level evidence, the last
consultation concluded that concurrent abdominal
hysterectomy had no adverse effect on the rate of
cure for SUI by modified Burch colposuspension
(Stanton & Cardozo, 1979, Milani, et al., 1985, Langer,
et al., 1988) [253,254,255] [EL=2/3] or MMK (Green,
1975, Milani et al, 1985) [256,254] [EL=3], and similarly
vaginal hysterectomy had no adverse effect on the
outcome of TVT (Darai, et al., 2002) [257] [EL=3].
One cohort study found that operation-related
complications were significantly increased when
concomitant abdominal hysterectomy is performed
with Burch colposuspension (Meltomaa, et al., 2001)
[258] [EL=3].

We identified no new high level evidence addressing
this question specifically. Two prospective cohort
studies comparing the outcomes of Burch colposus-
pension with and without hysterectomy have since
been published (Bai, et al., 2004, Argirovic, et al.,
2006) [259,260] [EL=2]. Neither of these studies found
significant differences in cure or complications. 

Summary

Concurrent hysterectomy has no significant adverse
or beneficial effect on the outcome of treatment for SUI
by open colposuspension [EL=2], MMK [EL=3], or
TVT [EL=3]. The evidence regarding operation-related
complications is inconsistent [EL=2].

Recommendation

8. SEVERITY AND DURATION OF SYMPTOMS

Severity of SUI is difficult to measure accurately. It is
tied to many factors including ambient physical activity
of the patient, urethral function, and voiding frequency
among others. Commonly utilized objective and
subjective severity measures include pad tests and/or
pad counts, urethral function tests, questionnaires,
voiding diaries, quality of life scores, and bother
indices.  In the few prospective trials that have
measured outcomes using a variety of different
measurements, surgical success rates vary widely
depending on the parameter(Ward, Hilton et al. 2004;
Albo, Richter et al. 2007) [67,46]. Each of these
outcomes is associated with significant limitations as
an isolated measure and furthermore these parameters
only modestly correlate with each other(Albo, Wruck
et al. 2007) [46]. When comparing outcomes across
SUI procedures, baseline severity is rarely considered
and may not be comparable across trials leading to
confounding factors when trying to compare proce-
dures.  

Symptom duration, especially as regards SUI
treatment, is rarely reported in intervention trials. The
inherent problem in reporting this data is recall bias
by the patient in remembering the duration of
symptoms prior to intervention. Therefore, whether
duration of SUI symptoms correlates with surgical
success or morbidity is unclear.

9. DETRUSOR OVERACTIVITY AND STRESS 
INCONTINENCE

The previous edition of this consultation found only
level 3 evidence to support their conclusion that women
who have detrusor overactivity (DO) pre-operatively
are less likely to have a favourable outcome from
surgery for SUI. 

Hysterectomy is not indicated specifically for
the treatment of stress urinary incontinence in
women. Where hysterectomy is indicated for
other reasons it may be carried out concurrently
with continence surgery. [Grade B]

Women undergoing surgery for the treatment
of recurrent SUI should be aware of the
uncertain log-term outcomes. [Grade B]

Whilst only limited low level evidence is
available currently, colposuspension, traditional
biological slings and retropubic mid-urethral
tape procedures are recommended in the
management of recurrent SUI. [Grade B]
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Much of the data on the effect of symptomatic urge
urinary incontinence (UUI) on the outcome from
surgery for SUI is based on women with overactive
bladder syndrome (OABS), rather than on the pre-
operative urodynamic finding of DO. There are no
prospective randomised trials which compare the
outcome of surgery in women with and without DO.
Early case series of colposuspension in DO reported
cures rates as low as 24-43% (Stanton, et al., 1978,
Milani et al, 1985, Lose, et al., 1988) [277,254,261]
[EL=3]. Colombo et al performed a retrospective cohort
study and compared 44 stress incontinent women
with DO with a matched group of women with stress
incontinence and a stable bladder (Colombo, et al.,
1996) [55]. They reported a cure rate of 95% in the
stable group compared to 75% in the unstable group
two years after surgery [EL=3]. 

Chou et al. demonstrated a comparable outcome after
sling procedures performed in stress incontinent
patients with or without OABS, although only 26% of
in their mixed incontinence group actually had DO
(Choe, et al., 2008) [267] [EL=3]. A number of studies
have examined slightly different aspects of detrusor
function in urodynamically mixed incontinence. In a
retrospective study of 98 women treated by colposus-
pension, or needle suspension procedures, Pow-
Sang et al demonstrated that ‘high pressure’ DO was
associated with a poorer outcome than in patients
with stable bladders or those with ‘low pressure’
overactivity (Pow-Sang, et al., 1986) [262] [EL=3]. A
retrospective review of 36 women who underwent a
sling procedure for stress incontinence and Valsalva
induced DO revealed a cure rate of stress incontinence
of 92% and urge incontinence of 75% (Serels, et al.,
2000) [263] [EL=3]. Koonings et al. demonstrated that
in women with mixed incontinence where bladder
contraction is preceded by urethral relaxation, there
is a more than 90% chance that bladder overactivity
will disappear after successful operation for stress
urinary incontinence (Koonings, et al., 1988) [264]
[EL=3].

We have only identified a further four evidence level
3 studies published since the last consultation, and
these are summarised as follows. In a cohort study
of 340 women treated by traditional bladder neck sling
or minimally invasive mid-urethral sling, Botros et al
found that more patients in the mid-urethral sling
group had resolution of their DO (38% vs. 15%,
p<0.001), and fewer developed de novo overactivity
than in the bladder neck sling group (29% vs. 62%,
p=0.002) (Botros, et al., 2005) [265] [EL=3].

In a retrospective cohort study of 51 women
undergoing TVT for combined urodynamic stress
incontinence and DO, Duckett & Tamilselvi found
resolution of overactivity in 47% and subjective cure
of urge symptoms in 63% at a minimum of six months

follow-up; stress incontinence was objectively cured
in 92% (Duckett & Tamilselvi, 2006) [266] [EL=3].

In a series of 192 women undergoing sub urethral
sling procedures, patient satisfaction was reported
by 98% of 106 with normal detrusor function pre-
operatively, 82% of 50 with underactive or acontractile
detrusor function, and 75% of 36 patients with pre-
operative DO (p<0.05) (Kuo, 2007) [599] [EL=3].

Choe et al. reported a retrospective cohort of 549
women treated by TVT; 180 had OABS in addition to
SUI pre-operatively; 132 of these were seen for follow-
up at 3 months. Based on a 3-day frequency-volume
chart and a questionnaire responses complete
resolution of OABS was seen in only 24%. Perhaps
surprisingly, the rate of resolution was significantly
higher in those with DO preoperatively than in those
with stable bladders (37% vs. 18%; p=0.021) (Choe,
et al., 2008) [267] [EL=3].

Summary

It has long been accepted that women who have
detrusor overactivity pre-operatively are less likely to
have a favourable outcome from surgery for SUI than
those with pure USI [EL=3].

The rate of resolution of stress incontinence in women
with mixed USI and DO is not significantly from that
seen in those with pure USI [EL=3].

Rates of ‘cure’, or resolution of OABS or urodynamic
findings ranging from 24% to 90% have been reported
in women with mixed USI and DO [EL=3]. 

This wide range of treatment effect may be due to
differences in surgical techniques or in methodology
and outcome assessment [EL=4].

Although a number of women may develop new
symptoms of OABS or so-called de novo DO following
surgery for USI, such surgery should not be considered
contraindicated in women with mixed symptoms of
SUI and OABS or mixed urodynamic findings of USI
and DO, provided that patients are fully counselled
about possible outcomes [EL=4].

Recommendations

Surgery for USI should not be considered
contraindicated in women with mixed
symptoms of SUI and OABS or mixed
urodynamic findings of USI and DO. [Grade B]

All patients undergoing surgery for stress
urinary incontinence should be appropriately
counselled to allow realistic expectations of
outcome; this is particularly important in those
with mixed symptoms or mixed urodynamic.
[Grade B]
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10. URETHRAL OCCLUSIVE FORCES

The influence of urethral function defined by leak point
pressure or maximum urethral closure pressure is
difficult to define on account of the large variation in
outcome measures employed.  Furthermore, other
variables such as urethral mobility are often not
controlled. Intrinsic sphincteric deficiency (ISD) is
usually defined as a leak point pressure of < 60 or
maximal urethral closure pressure (MUCP) of < 20.
Rezapour reported a four-year outcome follow-up for
patients undergoing TVT with ISD [193]. Of the 49
patients, only eight had immobile urethras. None of
the patients with immobile urethras were cured,
although three were noted to be improved. Paick also
reported lower cure rates in patients with low leak
point pressures, given no substantial differences in
urethra hypermobility [250]. Urethral hypermobility
has been predictive of mid-urethral sling success by
some authors ; [269]. whilst low leak point pressures
have not been predictive of success by other authors
[270,271]. It would appear that a low leak point
pressure is less predictive of outcome on this data
when compared to the presence or absence of urethral
hypermobility. 

11. SURGEON’S EXPERIENCE

Several factors independent of the patient characte-
ristics might affect the outcome of incontinence surgery.
Such are the experience of the surgeon as a surgery
performing physician, experience of the surgeon in
performing a given procedure, experience of the team
and the hospital within which the surgery is performed.
These issues have not been studied within randomized
trials or in a prospective way.

In a report by Gormley et al (2002) [272] no effect of
surgeon’s grade of experience or teaching status of
the hospital was seen when performing pubovaginal
sling procedures. There are a few reports looking at
the learning curve of surgeons performing the TVT
operation. The overall impression is that bladder
perforations and retention symptoms occur more often
during the first 15 to 50 TVT operations than later on.
In a nationwide report on the introduction of the TVT
procedure in Finland, where the learning curve of
every single surgeon was included it was found that
performance improved after the first 15 operations
(Kuuva and Nilsson 2002) [273] Groutz et al (2002)
[274] reported a dramatic decrease in the rate of
bladder perforations from 40 % in the first 10 patients
to 10% in the next 10 patients and in the last 10 of a
total of 30 patients operated on by a newly trained
experienced urogynaecologist no further bladder
perforations occurred. Lebret et al (2001) [275]
reported a similar decline in the rate of bladder
perforation from 22% in the first 50 patients to 8% in
the next 50 patients. McLennan et al (2005) [276]
analyzed the bladder perforation rate in 278 TVT
operations performed by 23 residents performing a

mean number of 12 operations each and found a
linear decrease in perforation rate from 34% in the first
5 patients to 26 % in the last five of 15 patients.

There is no robust literature on how many procedures
need to be performed to maintain skills nor is there
evidence on whether surgical skill or experience
influences the cure rate rather than the complication
rate although a correlation might be expected.

1. URINARY INCONTINENCE AND PROLAPSE

Women who present with urinary incontinence as
their primary symptom may also have pelvic organ
prolapse which may be symptomatic or asymptomatic.
The decision as to whether the prolapse should be
treated surgically at the same time as the incontinence
is determined by the symptoms and bother the
prolapse produces to the patient and the influence
that the prolapse surgery may have on the outcome
of the surgery for the incontinence. The following
clinical scenarios may present :

a) Stress urinary incontinence with prolapse

b) Urgency incontinence with prolapse

c) Prolapse with urinary incontinence (See Prolapse
Chapter)

Where the prolapse is symptomatic it will be a matter
of subjective opinion whether the incontinence or the
prolapse is more significant (rather than a pathological
diagnosis). If the treatment selection is based on
subjective assessment it follows that the outcome
from treatment must be based on subjective rather than
objective measures.

a) Stress incontinence with prolapse

Women who present with stress incontinence
commonly have deficient support of the anterior vaginal
wall. Significant prolapse is generally defined
anatomically as the presenting part of the prolapse
reaching to within a cm of the hymenal remnant.
Symptomatic prolapse may be more or less prominent.

Milani et al (Milani 1985) [254] (Level 3)noted that
the presence of vaginal prolapse preoperatively led
to a lower cure rate of stress incontinence with either
the Burch colposuspension or the MMK procedure; the
greater the severity of the prolapse, the greater the
reduction in cure rate. In a RCT Colombo et al
(Colombo 2000) [37] compared Burch colposus-
pension with anterior colporrhaphy in women with
stress urinary incontinence and Grade 2-3 anterior
vaginal wall prolapse and found that the Burch
colposuspension was better in controlling stress
incontinence but that cystocoele recurred in 34% of

III. STRESS INCONTINENCE WITH
PROLAPSE
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patients. The cure rate for cystocoele with anterior
colporrhaphy was high (97%) but stress incontinence
cure rate was very low. The authors concluded that
neither operation was recommended for combined
stress incontinence and advanced cystocoele.

Gordon (Gordon et al 2001) [600] prospectively
followed 30 patients short-term who underwent TVT
at the same time as surgery for severe genitourinary
prolapse. No patients had postoperative symptoms of
stress incontinence despite 3 patients (10%) having
positive postoperative stress tests. De novo detrusor
overactivity occurred in 13% of subjects. A RCT
compared types of anti-incontinence procedure
performed with prolapse surgery, endopelvic fascia
plication and TVT. (Meschia 2004) [40] (Level 1). This
study included 50 women and demonstrated that
adding a TVT results in higher 2-year objective
continence rate than endopelvic fascia plication at
the urethrovesical junction (92% vs. 56%, respectively;
p<.01). The subjective cure rates were 96% for TVT
compared to 64% for suburethral plication. Time for
resumption of spontaneous voiding, rates of urinary
retention, de novo urge incontinence, and compli-
cations did not differ between the groups. Despite
negative cystometrograms, de novo urge incontinence
symptoms were reported in 12% of the TVT group
compared to 4% of the suburethral plication group
(p=.66). Although not statistically significant, the
authors recommend that data from a larger series
are required to define the risk: benefit ratio between
TVT and endopelvic fascia plication.

The TVT procedure combined with vaginal
reconstruction resulted in 85% to 95% cure rates for
urodynamic stress incontinence in a prospective cohort
(Huang 2003) [278] and case series (Partoll 2002)279.
Huang et al (Huang 2003) [278] reported urinary
urgency and voiding dysfunction rates of 10% and
11%, respectively. Voiding difficulties and post void
residuals of > 100 ml were treated with urethral
dilatation. The authors did not report any cases of
long-standing urinary retention.

b) Urgency incontinence with prolapse

The effect of anterior vaginal wall prolapse on bladder
function and the influence of surgical repair are much
debated. Digesu et al (2007) [280] reported on a 12
month prospective cohort study of ninety three women
who had a standard anterior fascial repair for
cystocoele. Post-operatively, urinary frequency
resolved in 60%, urgency resolved in 70% and urge
incontinence resolved in 82% illustrating that anterior
repair appears to resolve the majority of overactive
bladder symptoms. Similar findings were reported in
a prospective cohort study of prolapse repair in elderly
women by Foster RT Sr et al (2007) [281]. They also
noted that vaginal reconstructive or obliterative surgery
produced a similar improvement in urinary symptoms
at 12 months after surgery.

CONCLUSIONS

There is Level 2/3 evidence that when prolapse repair
surgery is performed at the same time as a TVT to treat
stress incontinence, the cure rate for the stress
incontinence is not adversely affected.

There is Level 3 evidence that treatment of prolapse
by constructive or obliterative surgery improves
overactive bladder symptoms. 

1. EVIDENCE

2. INCIDENCE OF COMPLICATIONS

3. PREVENTION OF COMPLICATIONS

4. OPERATIVE EXPERIENCE

5. CHOICE OF APPROACH

6. OTHER RISK FACTORS

7. COMPLICATIONS RELATED TO SUI SURGERY

a) Intraoperative

1. URINARY TRACT INJURY

i) Urethra
ii) Bladder
iii) Ureter
iv) Bleeding and vascular injury 
v) Bowel injury

b) Postoperative complications
1. VOIDING DYSFUNCTION AND URINARY RETENTION

2. VAGINAL EXTRUSION AND URINARY TRACT EROSION

3. NERVE INJURY

4. BONE ANCHOR RELATED COMPLICATIONS

5. SEXUAL DYSFUNCTION

6. OTHER POSTOPERATIVE COMPLICATIONS

8. PERIURETHRAL BULKING AGENTS

1. EVIDENCE

There are very few randomized, prospective studies
adequately powered to assess differences in
complications between operative procedures. Because
the reported incidence of most complications is quite
low, adequate powering of randomized clinical studies
would necessitate extraordinarily large numbers of
patients. Current literature does not permit such an
analysis although national registries may be one such
source of this information in the future. Most of the
available evidence is from case series, non-cohort
comparative trials or underpowered randomized trials.
Meta analysis and underpowered clinical trials may
give some information on the incidence of particular
complications, but comparing the relative risk of
complications across various procedures of a similar
nature is difficult and may be misleading based on
available data.

IV. COMPLICATIONS OF SURGERY
FOR STRESS INCONTINENCE
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The field of incontinence surgery, and especially stress
urinary incontinence (SUI) surgery has rapidly
transformed over the past several years.  The types
of SUI procedures being performed has evolved from
transvaginal needle suspensions and retropubic
suspensions to various types of slings, most commonly
the midurethral polypropylene slings.  This shift has
implications for the types of complications seen in
contemporary practice. Therefore the emphasis in
this section will be in review of the midurethral sling
procedure and its many derivatives. It is important to
note that much of the data regarding these compli-
cations is immature.  It is possible that over time the
incidence of various types of complications or
unforeseen additional types of complications may
occur. 

2. INCIDENCE OF COMPLICATIONS

The overall incidence of intraoperative and
postoperative complications is difficult to ascertain.
Much of the available literature derives from a single
centre experiences, national registry data, case series
or case reports.  In addition, the reporting of surgical
complications by individual investigators is not
mandatory, is often selective, and is defined by the
investigator. Furthermore, the incidence and type of
complications reported in the literature are, for the
most part, derived from academic medical centres.
Complications arising in community practices may be
wholly different. Central databases such as the FDA
MAUDE website are voluntary and accurately
determining complication rates based on such data
is not possible for a variety of methodological
reasons.[282]. In addition, there is no generally
accepted standard categorization, or nomenclature for
the reporting of surgical complications for urinary
incontinence (UI) surgery although it has been
suggested [283,24]. One such paradigm was
developed by the AUA SUI Guidelines Panel which
divided complications into 6 categories: transfusions,
general medical, intraoperative, perioperative,
subjective, and those complications requiring surgery
[24]. Unfortunately this taxonomy has not been widely
adopted. A system for the grading of severity of surgical
complications has also been developed [284] and
utilized in the UI literature [46] but it does not provide
a mechanism for classification of specific complications
in the genitourinary tract. Complications vary in severity
and associated morbidity (i.e. a postoperative UTI vs.
transvaginal erosion and extrusion of a synthetic sling
material are not equivalent in severity but are weighted
equally in the overall complication rate of a given
procedure) As a result of these deficiencies an
omission of the reporting of a given complication by
an investigator is considered consistent with its lack
of occurrence. Whether this method of accounting
reflects accurately on the trial or on clinical practice
is not clear. Finally, the definition of exactly what
constitutes a complication is unclear. There are

particular complications that are dichotomous or
categorical: they either occur or they do not (e.g.:
bowel injury, urinary tract injury, sling extrusion).
However, other potential complications such as bladder
outlet obstruction and dyspareunia are graded on a
spectrum and not well defined. This lack of
standardization permits considerable variability in the
reporting of complications. For example, excessive
bleeding is considered by most surgeons to be a
complication but some bleeding is commonly
encountered in the performance of most anti-
incontinence procedures. However, the quantity of
bleeding that must occur for it to be considered a
complication is not standardized. Bleeding as a
complication has been defined variably in the literature
as a volume of blood loss (e.g. >200cc), development
of a postoperative hematoma, peri- or postoperative
hypotension, the requirement for transfusion, or even
hemorrhagic shock and death. 

Notwithstanding the limitations noted above, the
incidence of complications varies widely between
studies. Case reports and case series likely unde-
restimate the actual incidence of some complications
especially major complications [285]. In some series
for certain groups of patients undergoing UI surgery,
the complication rate may approach 40-50% if UTI’s
and urgency symptoms are defined as complications
[286,287]. The AUA SUI Guidelines Panel reported that
each of the 6 categories of complications occurred in
2-16% of patients across the 4 types of procedures
covered in the meta-analysis: slings, retropubic
suspensions, transvaginal sus-pensions and anterior
repair. In a review of midurethral sling procedures,
Boustead et al noted that the complication rate in
published series ranged from 1-40% [288]. Taub et al
used the Nationwide Inpatient Sample (a national
database in the US) of over 147,000 patients who
underwent surgery for SUI from 1988 to 2000 and
found an overall complication rate of 13% [289].
Waetjen et al estimated a complication rate of 18%
from the 1998 National Hospital Discharge Survey
and the 1998 National Census including data on over
135,000 patients undergoing surgery [223]. On review
of a sampling of the Medicare database from 1999-
2001, Anger et al found that 12.5% of patients
undergoing a sling developed a surgical or urological
complication in the first 3 months following surgery
[221].

3. PREVENTION OF COMPLICATIONS

Although most complications related to the surgical
treatment of female urinary incontinence are treatable
and, for the most part reversible, the optimal scenario
is to prevent or minimize the potential for an adverse
outcome. Certain preoperative factors may influence
the risk of intraoperative or postoperative compli-
cations. Most have not been studied in a controlled
fashion. 
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4. OPERATIVE EXPERIENCE

Operative experience with a given procedure has
been cited as an important factor contributing to the
risk of complications.  Proper training and subsequent
maintenance of skills is important not only in optimizing
outcomes, but in minimizing complications. The
number of cases necessary to gain competence with
a given procedure is unknown and likely varies with
the nature of the surgery, the learning environment and
the skill of the surgeon.  For the experienced and
practicing surgeon, the NICE guidelines from the UK
recommend that a minimum of 20 cases per year per
surgeon for each incontinence procedure is necessary
to maintain skills [290] this document further states that
if fewer than 5 of a particular procedure are done by
an individual surgeon per year, then local clearance
and oversight, or alternatively referral to another centre
may be necessary [290].

Kuuva et al reviewed a nationwide database on
midurethral slings and noted that operative
complications varied inversely with surgical experience
(Level 3) [273] These authors reported that the risk
of bladder perforation during a transvaginal midurethral
sling varied with the experience of the operating
surgeon in doing the procedure. Surgeons performing
more than 80 procedures had almost 50% fewer
perforations than those with less than twenty cases
experience and these authors also noted that
complications decreased per surgeon after completing
15 procedures. McClennan et al reported that the risk
of perforation of the urinary bladder during TVT
decreased with increasing surgical experience in a
residency training program (Level 3) [276]. In a
prospective Dutch study of TVT procedures, there
was an increased risk of complications in teaching
hospitals as compared to non-teaching hospitals as
well as an increased risk of complications during a
surgeons second 10 procedures as compared to their
first 10 procedures or >20 procedures (Level 2) [291].
Alternatively, Anger et al, in review of a large national
database found no correlation between surgical
experience and risk of surgical complications in
patients undergoing SUI surgery (Level 3) [601]. 

5. CHOICE OF APPROACH

The relative risks of each complication between the
various types of surgery being performed, especially
within a single category such as midurethral slings,
regardless of approach (e.g. the risk of bleeding in a
transobturator vs. suprapubic vs. transvaginal
approach), is difficult to assess due to the small number
of randomized controlled trials between procedures
and the relative low frequency of the event (compli-
cations). In a large meta-analysis in 1997, the AUA
SUI Guidelines Panel reported that slings and
retropubic suspensions were associated with a higher
risk of complications such as bleeding and obstruction
than anterior repairs and needle bladder neck
suspensions (Level 1) [24].

There are few prospective randomized trials comparing
complications. Ward and Hilton compared Burch to
TVT and found that the risk of intraoperative
complications such as bladder perforation was higher
in the TVT group whereas the risk of postoperative
complications such as delayed voiding was greater in
the Burch group (Level 1) [65]. The Urinary
Incontinence Treatment Network (UITN) completed a
randomized controlled trial comparing Burch
colposuspension to autologous rectus fascia
pubovaginal sling (Level 1) [46]. There was no overall
difference in total serious adverse events between
groups (13% vs. 10%, p= 0.20, sling vs. Burch,
respectively) but surgical interventions for the treatment
of voiding dysfunction only occurred in the sling group
(19 interventions in the sling group vs. none in the
Burch group). Overall adverse events (including most
commonly UTI’s) occurred more often in the sling
group. (63% vs. 47%, p<0.001, sling vs. Burch,
respectively,). A small prospective study compared
autologous fascial sling to TVT in 53 patients with
SUI and found no difference in complications between
the groups at 6 months follow-up (Level 2) [166]. 

There have been a few randomized trials comparing
some combination of TOT (transobturator), TVT
(transvaginally placed retropubic tape), and SP
(suprapubically placed retropubic) urethral tapes. Zhu
et al found no difference in complication rates or
urinary retention in 56 women randomized to either
TVT or TOT (Level 2) [292] as did Lee et al with 120
patients quasi-randomized to either procedure [293].
Laurikainen and colleagues noted that a TOT approach
was associated with more complications than TVT
but this difference was not considered clinically
significant by the authors [209]. However, Liapis et al
noted more overall complications in patients
undergoing TVT (11/46) as compared to TOT (2/43)
in a randomized trial between these two procedures
[208]. At a median follow-up of 9 months, Wang et al
noted no significant difference in complications
between 60 patients randomized to TOT or SP urethral
tapes although there was a non-significant trend for
increased thigh pain and vaginal extrusion in the TOT
group (Level 2) [591]. In a prospective trial, David-
Montefiore et al found similar complication rates in
patients randomized to TVT (8/42) or TOT (5/46)
although the types of complications differed between
the groups (see below) [294].

With respect to a transobturator approach, two studies
have demonstrated equivalently low complication
rates between the outside-in vs. inside-out approach
(Level 2) [295,296].  

6. OTHER RISK FACTORS

There are many patient factors which may potentially
impact on the risk of complications in a given patient
including aetiology and type of urinary incontinence,
age, medical co morbidities, preoperative sexual
function, the presence of associated conditions such
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as vaginal prolapse, and prior abdominal, pelvic or anti-
incontinence surgery.  In one prospective study of
over 800 patients undergoing TVT, Schraffordt Koops
et al noted an overall 6.2% incidence of complications
and identified several risk factors including menopausal
state, previous prolapse surgery (but not prior
incontinence surgery), mode of anaesthesia, and
having the procedure done in a teaching hospital
(Level 2) [291]. 

Identifying preoperative patient risk factors such as
prior surgery, age, and obesity that consistently predict
for intraoperative and postoperative complications
has also been difficult. Much of the existing literature
is conflicting (Level 3) [297]. For example, some
authors have found that prior pelvic or incontinence
surgery predicts for intraoperative bladder injury during
midurethral sling (Level 2-3) [286, 298,206,257], while
others have not (Level 2) [301]. This variability may
be due to the type of prior SUI surgery: prior retropubic
surgery such as Burch or MMK may lead to retropubic
scarring and a risk of bladder injury whereas a prior
transvaginal operative such as a Kelly plication wherein
the retropubic space is not violated, may not [257].
Advanced age is not a contraindication to anti-
incontinence surgery. 

However surgery in the advanced elderly (>80 y.o.)
may be associated with some increased morbidity as
compared to the “young” elderly (Level 3) (65-80 y.o)
[299] and may be associated with higher rates of
postoperative urge incontinence, bladder outlet
obstruction and surgical failure as compared to
younger patients (Level 3) [300]. Rogers et al
demonstrated no increased risk of intraoperative or
postoperative complications in obese patients
(BMI>30) as compared to the non-obese patients
undergoing a variety of SUI surgeries in a prospective
nested cohort study.(Level 2) [301] This supports the
conclusion of other prior studies [233,302]. One study
noted that individuals with a BMI>26.5 were at
increased risk of bladder perforation during TVT but
that overall outcomes were not affected [303].

7. COMPLICATIONS RELATED TO SUI 
SURGERY

a) Intraoperative Complications

1. URINARY TRACT INJURY

During SUI surgery, the urethra, bladder or, much
more rarely, the ureters may be injured. The key to the
management of each of these injuries is immediate
recognition and repair. Long term sequelae resulting
from unrecognized urinary tract injury can be
devastating to the patient. 

i) Urethra

Intraoperative urethral injury during UI surgery is rarely
reported. It may occur during the initial transvaginal
dissection, during trocar placement for midurethral

sling procedures, needle placement for transvaginal
suspensions, or during cystocoele repair. Failure to
recognize the injury or failure to repair it properly risks
urethrovaginal fistula, erosion of sling material into
the urethral lumen postoperatively, infection, and other
potential problems (Level 4). The risk of urethral injury
may be as high as 4 fold greater in the transobturator
approach as compared to the TVT/retropubic approach
[290] however this data is based on a single literature
review and thus indirect comparisons and not
randomized control trial data.

In the event of a planned synthetic sling in the setting
of a concomitant intraoperative urethral injury, it is
probably advisable to repair the urethra and abort the
sling procedure until the urethra is completely healed
(Level 4). 

An autologous sling may be considered a safer
alternative than a synthetic sling at the time of a
urethral injury as an anti-incontinence procedure but
there is little data to support this notion (Level 4). The
urethra is rarely injured during retropubic surgery as
the middle and distal thirds are protected by the
symphysis pubis. 

ii) Bladder

The potential for bladder injury may vary with the
choice of operative approach. Albo et al reported a
trend toward more bladder injuries in the
colposuspension group as compared to the sling
group (10/329 vs. 2/326, colposuspension vs. sling
respectively) in the UITN study [46]. The risk of bladder
injury during midurethral sling is probably higher with
a retropubic approach as compared to a transobturator
approach although randomized trial data are minimal
in this regard (Figure 8). 

Figure 8 : Mesh erosion into the bladder following
TVT
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In one literature review, the risk of bladder injury may
be as much as 6 fold higher in the TVT/retropubic
approach as compared to the transobturator approach
[290]. The incidence of bladder perforation during
TVT has been reported in 0-8% of patients (Level 3)
[273,317,291,206,65]. Hodroff et al reported an overall
bladder perforation rate of 6.7% in 445 patients
undergoing a SP midurethral tape procedure and
Deval et al reported an incidence of 10.5% in 104
patients (Level 3) [304, 286]. Davila et al reported no
bladder perforations in over 200 patients undergoing
a TOT sling (Level 3) [305]. 

Barber et al retrospectively compared over 200 patients
undergoing TVT to a similar number of patients
undergoing TOT (Level 3) [306] and found that the
incidence of bladder perforation in the TVT group was
5% while there were no such injuries in the TOT group.
Several small prospective RCT’s have reported a
trend towards a greater risk of bladder perforation
during TVT as compared to TOT (Level 2) [209,
208,307]. Nevertheless, there are multiple reports of
bladder injury during transobturator midurethral slings
[308,309] and thus this potential complication must be
considered. 

The relative risk of bladder perforation with a trans-
vaginal vs. suprapubic approach to retropubic
midurethral slings is, as of yet, unclear. While one
retrospective study noted a high bladder perforation
rate with a suprapubic approach (29% vs. 4%,
suprapubic vs. transvaginal, respectively) (Level 3)
[310], others have not (Level 2) [200]. 

In one small randomized prospective trial comparing
transobturator to retropubic midurethral slings, bladder
perforation was noted only in the retropubic cases
(4/42, 9.5%) whereas vaginal injury was noted only
in the transobturator cases (5/46, 10.9%) [294]. 

Redo incontinence surgery may be associated with
a higher risk of urinary tract injury in patients
undergoing midurethral sling surgery. Jeffry et al
reported a bladder perforation rate during TVT of
71.4% vs. 7.6% in patients with prior surgery vs. those
without(Level 3) [298]. Likewise, in patients undergoing
SPARC, Deval et al reported a 36.6% vs. 7.5% urinary
tract injury rate in those with vs. those without a history
of prior surgery(Level 3) [286]. The risk of bladder
perforation in the Austrian TVT national registry was
4.4% in patients with prior surgery but only 2% in
those without prior surgery(Level 3) [206]. However,
LaSala et al reported that prior abdominal
hysterectomy or BMI >26.5, but not prior anti-
incontinence surgery, was associated with an
increased risk of intraoperative cystotomy during
TVT(Level 3) [303]. Nevertheless, in one series, the
surgical results in those with an intraoperative bladder
perforation during TVT appear to be no different from
those without such a complication provided that the
perforation is recognized intraoperatively and corrected

(Level 3) [303]. It is possible that the type of prior
surgery has a significant impact on the risk of bladder
perforation with such operations as Burch colposus-
pension in which there is considerable dissection in
the retropubic space posing a potentially greater risk
than prior anterior repair where no such dissection is
performed (Level 3) [257] 

iii) Ureter

Ureteral injury during incontinence surgery is very
uncommon. The ureter may be kinked or obstructed
during Burch or MMK procedures or during bladder
neck sling procedures. With the advent of midurethral
slings, these injuries are rare given the expected
location of the sling at the level of the midurethra.  In
the UITN trial of Burch vs. autologous fascial sling,
there were 2 ureteral injuries and both occurred in
the Burch group [46]. 

iv) Bleeding and vascular injury

The risk of bleeding during SUI surgery can be
minimized, but not entirely eliminated by good
operative technique. Multiple blood vessels traverse
the deep pelvis including large venous channels in the
retropubic space. Named vessels in the obturator
fossa, along the pelvic sidewall including the iliac
vessels, and within the vascular pedicle of the bladder
are at risk for injury especially during vaginal
incontinence surgery due to lack of direct visualization
of these structures during passage of trocars or
needles (Figure 9). 

Major vascular injury can quickly lead to life threatening
haemorrhage if not recognized intraoperatively and
may result in large retropubic hematomas posto-
peratively [311,312]. Leach et al reported bleeding
complications requiring transfusion in 5% of
colposuspensions, 4% of slings, 3% of needle sus-
pensions and 3% of anterior repairs.(Level 1) [24]

Figure 9 : Abdominal wall haematoma after laparo-
scopic surgery
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These differences were not statistically significant. In
a series of over 5000 midurethral slings reported on
by the Austrian Working Group for Urogynaecology,
bleeding problems were reported in 2.7% of cases
(Level 3) [313] Only 0.8% of patients required
intervention for bleeding with the vast majority of
cases managed conservatively without operative
intervention. Less than 1% of patients required
transfusions. Kuuva et al reported a 1.9% incidence
of bleeding >200cc in over 1400 TVT cases (Level 3)
[273]. RCT’s comparing TOT to TVT and SP urethral
tapes show no significant difference in bleeding
complications between approaches (Level 2)
[307,208,209] There was no significant difference in
complications related to bleeding between the
colposuspension group and the sling group in the
UITN report from Albo et al (3/329 vs. 1/326, p=0.62,
colposuspension vs. sling respectively) [46]

v) Bowel injury

There exist multiple reports of bowel injury during
urinary incontinence surgery [314,308,304]. Fortuna-
tely this is a rare and very infrequently reported
complication. Bowel injury may occur during the
retropubic dissection for a Burch or MMK especially
in reoperative surgery, during entry into the retropubic
space during an autologous pubovaginal sling, or
during passage of needle passers or trocars during
midurethral slings. These can be devastating
complications leading to sepsis, abscess and even
death [308]. 

b) Postoperative complications

1. VOIDING DYSFUNCTION AND URINARY RETENTION

Bladder outlet obstruction (BOO) may occur following
SUI surgery. This presents as prolonged complete
urinary retention, persistently elevated post-void
residual urine volume or, as variably bothersome and
poorly categorized lower urinary tract symptoms
including combinations of recurrent urinary tract
infections, obstructive symptoms and urinary urgency
or urge incontinence.  

Historically the prevalence of postoperative voiding
difficulties lasting greater than 4 weeks occurs in 3-
7% of patients undergoing Burch procedures, 4-8%
of those undergoing transvaginal needle suspensions
and 3-11% of pubovaginal slings [24]. Permanent
urinary retention was estimated to be <5% across all
procedures by these same authors. 

The prevalence of voiding dysfunction, including
urinary retention and de novo urgency and urge
incontinence, following midurethral slings ranges from
approximately 2%- 25% (Level 2-3) [315-317,
320,367,318,319,295,286,298,206,205].  Surgical
intervention for voiding dysfunction and urinary
retention has been reported in 0-5% of patients
undergoing midurethral slings (Level 2-3) [304,
206,319,295,367]. 

Randomized prospective studies have shown short
term voiding difficulties following TVT appear less
likely than following Burch (Level 1) [65] and
pubovaginal slings (Level 2) [166]. Dietz found TOT
to be less “obstructive” than TVT based on flow rates
and ultrasound (Level 3) [321]. In one multicenter
retrospective study, transobturator slings had fewer
“obstructive” complications than retropubic midurethral
slings (Level 3) [322] and another retrospective study
compared TVT to TOT and found that fewer patients
in the TOT group required urethrolysis or anticho-
linergic medications in the postoperative period
implying less obstruction (Level 2) [306]. Alternatively,
one randomized trial comparing SP midurethral tapes
to TOT demonstrated no difference in postoperative
voiding dysfunction (Level 2) [204].

The diagnosis of urethral obstruction following SUI
surgery is difficult and based on a combination of
clinical parameters. In some patients, cystoscopy and
videourodynamics may be helpful. However, there is
no universally agreed method of making a diagnosis
of postoperative urethral obstruction which prevents
a true assessment of the incidence of this complication.

Management options for prolonged postoperative
voiding difficulties include repeated voiding trials,
initiation of intermittent urethral catheterization, and
incision of the sling or urethrolysis. As many cases of
postoperative voiding dysfunction will spontaneously
resolve, the ideal timing for surgical intervention has
not been defined. Early intervention may result in high
rates of recurrent SUI in patients in whom the voiding
dysfunction may have resolved spontaneously given
enough time. Alternatively, subjecting the patient to
ongoing irritative lower urinary tract symptoms, UTI’s
or CIC due to ongoing obstruction is not optimal.
Some authors have recommended conservative
therapy for postoperative voiding dysfunction for up
to 3 months prior to attempting surgical revision [323].
However, a prolonged time to intervention for BOO
may be associated with long term, potentially
irreversible bladder dysfunction even following
successful urethrolysis [324, 325].  

Transvaginal sling incision is often successful in
reversing obstruction from a pubovaginal or midurethral
sling (Level 2) [326-328]. For patients who fail
transvaginal incision, or who underwent a non-sling
procedure as the cause for their BOO, a urethrolysis
may be performed [329,330]. Via a transvaginal or
retropubic approach [221,329,331], the retropubic
space is entered and the urethra is sharply dissected
off the posterior surface of the symphysis pubis and
freed from the surrounding scar. The limbs of the sling
or other retropubic attachments are isolated and
divided in the retropubic space. Lateral attachments
to the pelvic sidewall are incised as needed for those
who previously underwent a Burch or paravaginal
repair. A transvaginal, suprameatal approach to
urethrolysis has also been described and may be
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particularly applicable to those patients previously
undergoing an MMK [331]. 

Recurrence of SUI symptoms following urethrolysis
or sling incision may occur in 15-20% of patients
[328,332]. 

2. VAGINAL EXTRUSION AND URINARY TRACT EROSION

Vaginal extrusion refers to the finding of exposed sling
material in the vaginal cavity postoperatively, whereas
erosion implies the finding of material within the lumen
of the urinary tract at some time interval postoperatively
(Figure 10) which was clearly documented as not
being within the urinary tract at the time of surgery.
Both extrusion and erosion may lead to long term
voiding dysfunction despite removal of the sling
material.[333]. 

Extruded material may be located in the midline at the
incision line or at the anterolateral vaginal wall. Midline
extrusions imply wound dehiscence or defective
healing whereas lateral extrusions may be due to an
unrecognized vaginal wall perforation or injury at the
time of sling placement (Level 4) [334]. 

Extrusion of material may be related to surgical
technique, host factors, wound healing, infection, or
the physical properties of the implanted material such
as pore size or monofilament vs. multifilament
construction [335,336]. Pore size or the specific weave
of a mesh may be related to the intrinsic ability of a
material to resist infection by allowing migration of
host fibroblasts and macrophages into the interstices
of the mesh to eliminate bacteria [336]. Certain woven

mesh products may have a pore size or interstices
below a critical size which may predispose to infection.
There is a paucity of randomized trials comparing
monofilament to multifilament (polyfilament) mesh.
One randomized trial found 9 extrusions in a
multifilament sling group as compared to none in the
monofilament group (TVT) (Level 2) [203] and another
trial reported higher extrusion rates with a multifilament
as compared to two other monofilament products
[588]. A case control study comparing a monofilament
to a multifilament mesh reported a several fold increase
in urethral erosions in the multifilament group as
compared to the monofilament group [337]. However,
Rechberger et al noted no difference in extrusion rate
in an RCT comparing monofilament to multifilament
mesh. (Level 2) [201]. Several case series have
suggested that the risk of extrusion with multifilament
or other types of treated mesh is significant and may
occur in 9-20% of cases (Level 4) [338-342,588]. The
reported rate of mesh extrusion from case series
using monofilament sling materials has been reported
as between 0-5% [291,273,203,65,343,304]

Extrusions should be treated expeditiously. Some
small extrusions may heal with conservative
management including the application of topical
oestrogen creams (Level 4) [343]. The size of an
extrusion which can be managed non-operatively is
not well defined nor is the time frame after which
surgical intervention should be pursued. Larger
extrusions can be managed with copious irrigation
and secondary closure in the operating room.  Some
patients with large extrusions which are unable to be
secondarily closed or who have already failed
secondary closure should undergo excision and
removal of the extruded sling (Level 4).  

Urinary tract erosion may occur with synthetic, biologic
or autologous materials [344,345]. The risk of sling
erosion into the urethra is extremely low. In several
national databases, the urethral erosion rate for TVT
has been reported to be less than 1% [346,273,
206,291]. One retrospective series demonstrated no
urethral injuries with TOT-I or TOT-O [334]

This complication is managed operatively. Whether
urinary tract erosion occurs as a result of a “missed”
urinary viscus perforation at the time of surgery, or
occurs as a result of migration of the material into the
urinary tract sometime following surgery, is unclear.
Patients may complain of irritative lower urinary tract
symptoms, recurrent UTI’s, haematuria, dysuria as
well as pelvic pain. The definitive diagnosis of urinary
tract erosion is usually made endoscopically and
treatment may involve endoscopic [347,348] or open
removal of the eroded mesh.

3. NERVE INJURY

Several nerves traverse through the deep pelvis as
well as superficially within the lower abdominal soft

Figure 10 : TVT mesh extrusion on anterior vaginal
wall
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tissues. These nerves are at risk for injury during
female incontinence surgery during positioning of the
patient or during the surgical procedure.  

Lithotomy position may result in stretch or compression
injury to the femoral nerve as can retractor placement
during retropubic UI surgery. Femoral nerve
compression may occur at the level of the inguinal
ligament due to flexion of the hip joint [349]. This
results in sensory changes to the anterior thigh or in
more severe cases weakness of hip flexion. Severe
abduction and external rotation of the thigh should
be minimized during positioning to avoid this
complication. The peroneal nerve can be injured by
direct compression while in the lithotomy position.
Lateral direct pressure on the peroneal nerve between
the stirrup at the lateral aspect of the knee joint and
the fibular head for a prolonged period of time may
result in a peroneal nerve palsy and foot drop [349].
This injury may also occur with compression of the
fibular head against the stirrup holder, especially
candy cane stirrups as the leg rotates externally after
placement in the holders. 

The ilioinguinal and iliohypogastric nerves may be
injured by sling harvest during autologous rectus
fascia pubovaginal sling, trocar placement or dissection
[350,367]. 

4. BONE ANCHOR RELATED COMPLICATIONS

Bone anchors (BA) were popularized as an alternative
method of suture fixation during stress urinary
incontinence surgery such as pubovaginal slings and
transvaginal needle bladder neck suspensions.
Rackley et al estimated the prevalence of BA related
infections in female pelvic reconstructive procedures
as approximately 0.6% [351]. However, the
complications associated with BA’s can be devastating
including pelvic abscess and osteomyelitis of the
symphysis pubis. There are numerous reports of bone
anchor related complications associated with female
incontinence surgery in the urologic, gynaecological
and orthopaedic scientific literature [352-355]. Once
diagnosed, osteomyelitis related to BA’s requires
operative exploration and removal of the bone anchor. 

5. SEXUAL DYSFUNCTION

Postoperative female sexual dysfunction (FSD) was
reported in between 2-8% of female patients
undergoing SUI surgery in the AUA Female SUI
Guidelines Panel [24]. The difference between
procedures was not statistically significant.  There
are several questionnaires that have been utilized to
assess FSD [356]. Use of these disease-specific
questionnaires may yield a higher incidence of FSD
than previously reported in many series which may be
up to 20% [356,357] however not all contemporary
series report such findings.[358]. 

Dyspareunia is one form of sexual dysfunction and it

may occur following UI surgery.  Vaginal anatomy is
altered by SUI surgery. The vaginal axis can be shifted
changing the angulation of the vaginal canal.
Circumferential narrowing of the vagina may occur
due to excessive trimming of vaginal wall during
prolapse surgery or as a result of aberrant scarring.
Dissection along the anterior vaginal wall may result
in nerve injury and neuroma formation. Sling erosion
may also result in dyspareunia. Other poorly
understood factors contributing to postoperative sexual
dysfunction may exist. For example in some series 4-
5% of patients following TVT or IVS slingplasty
experienced decreased libido [359,356]. The reason
for this decreased libido is unclear. 

6. INFECTION AND UTI

Multiple cases of pelvic abscesses have been reported
with anti-incontinence surgeries including midurethral
slings [360,361,363,282,364-365]. These consist
mostly of case reports (Level 4). 

There is inconsistent reporting of the prevalence
urinary tract infection following anti-incontinence
surgery. This may be due to issues with definitions and
cause and effect.

7. GENERAL MEDICAL COMPLICATIONS AND OTHER

POSTOPERATIVE COMPLICATIONS

The incidence of significant morbidity from non-urinary
tract medical conditions is unknown. As with any
surgical procedure, there exists an undefined risk due
to anaesthesia, associated cardiac and pulmonary
morbidities such as postoperative myocardial infarction
or pulmonary embolus. Older age and medical co
morbidities may be associated with an increased risk
of general medical and non-urological complications
in older patients undergoing UI surgery as compared
to younger patients [300].

Likewise the risk of death is unknown as this is an
exceedingly rare complication in UI surgery. The AUA
SUI Guidelines Panel estimated the risk of death
following anti-incontinence surgery as 5 /10,000 cases
based on data from hysterectomy series [24]. 

Urinary fistula following SUI surgery is quite rare.
Nevertheless, an unrecognized and unrepaired
intraoperative injury to the ureter, bladder or urethra
may result in ureterovaginal, vesicovaginal or
urethrovaginal fistula.  

De novo vaginal prolapse may occur following anti-
incontinence surgery and has been associated with
colposuspension procedures including vault prolapse
and posterior vaginal wall prolapse.  

8. PERIURETHRAL BULKING AGENTS 
(Figure 11)

In general, the morbidity associated with periurethral
injectable agents is low. UTI, short term voiding
dysfunction including urinary retention and haematuria
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have been reported with all of the periurethral injectable
agents. Stothers et al looked at complications related
to intraurethral bovine collagen injection in a large
series of patients (Level 3) [366]. In 337 patients
injected with intraurethral collagen, approximately
20% of patients had at least one minor complication.
The most common reported complication was de novo
urge incontinence in 12.6%, followed by haematuria
in 5% and urinary retention in 1.9%.  Other bulking
agents have demonstrated similar adverse event trials
(Level 2) [148,144,150,149]. 

With respect to approach, periurethral injection has
been noted to be associated with more complications
including urinary retention and postoperative voiding
dysfunction as compared to transurethral injection of
bulking agents in one randomized trial of a
dextran/hyaluronic acid compound (Level 2) [149,144]. 

Randomized controlled trials have compared bovine
collagen to carbon coated beads as well as calcium
hydroxylapatite. Lightner et al demonstrated a similarly
minimal long term complication rate between collagen
and carbon coated beads with a higher incidence of
short term urinary retention and urgency in the carbon
coated bead group (Level 1) [144]. Mayer et al noted
no difference in short or long term complications in a
randomized prospective trial comparing collagen and
calcium hydroxylapatite (Level 1) [150]. Finally, there
was no significant difference in short or long term
complications in a randomized trial comparing porcine
collagen to silicone (Level 2) [148].

Periurethral bulking agents including silicone [140]
and collagen [141] have been compared to surgery
in 2 randomized prospective trials.  In both trials
morbidity due to surgery was significantly greater than
that associated with the injectable agent (Level 2).

Distal and systemic migration of polytef [368,369],
and carbon coated beads [370] has been reported. The
long term ramifications of these synthetic materials in
the lymph nodes, lungs, brain and other organs are
unknown. One bulking agent has been noted to have
a high rate of erosion into the urethral lumen and has
been recently withdrawn from the US market-
place.[371]

The presumed aetiology of overactive bladder is
detrusor overactivity [372]. Symptomatically, only 1/3
of patients with overactive bladder have associated
urinary incontinence [373]. Many of these patients
can be successfully treated with a combination of
non-surgical measures including behavioural
modification, pelvic floor physiotherapy and
pharmacological therapy (see chapter on Conservative
Management of Urinary Incontinence). Surgical
therapy of non-neuropathic overactive bladder
incontinence is generally reserved for those patients
who have failed an adequate trial of these measures
[374,375]. Overall, there are few studies on the surgical
therapy of non-neurogenic detrusor overactivity urinary
incontinence.[376,377] 

Surgical interventions for urinary incontinence related
to neurogenic detrusor overactivity incontinence are
covered elsewhere (see chapter on Neuropathic
Bladder).

1. ENDOSCOPIC APPROACHES

a) Endoscopic bladder transaction

Endoscopic bladder transaction is modelled after an
open procedure, designed, in part to denervate the
bladder by circumferential endoscopic incision proximal
to the bladder neck. There are few reports of its use
and this procedure is now rarely, if ever, performed. 

Level I evidence:There is no Level 1 evidence
regarding this modality in the therapy of non-
neurogenic detrusor overactivity incontinence.

Other evidence:Parsons et al reported endoscopic
bladder transaction as an effective technique of treating
symptomatic bladder instability (Level 4 evidence)
[378]. Subsequent reports (Level 4 evidence) [379,380]
have been less favourable.  

b) Hydrodistension or Bladder Overdistension

Bladder overdistension was originally described by
Helmstein et al for the treatment of bladder cancer
[381] but has also been cited as potential therapy for
the treatment of some types of voiding dysfunction,
including interstitial cystitis. Several reports have
described its application towards the treatment of

V. SURGERY FOR DETRUSOR
OVERACTIVITY

Figure 11 : Silicone collection lateral to external
urethral meatus
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detrusor overactivity. In practice, this procedure is
performed under general or regional anaesthesia and
utilizes a hydrostatic column of fluid under high
pressure infused into the urinary bladder and left
indwelling for a variable period of time. The mechanism
by which this therapy purportedly treats detrusor
overactivity is not well understood.

Level I evidence:There have been no randomized
controlled trials, double blind trials or cohort studies
which have examined the effects of bladder over
distension or hydrodistension for the treatment of non-
neurogenic detrusor overactivity incontinence. 

Other Evidence :There are only a few reports on
hydrodistension for the therapy of detrusor instability
or non-neurogenic detrusor overactivity incontinence.
The existing literature consists of primarily small
retrospective case series with brief follow-up and
subjective outcome parameters (Level 4 evidence).  

Of the few favourable reports on hydrodistension for
urinary incontinence, Ramsden reported that 41/51
patients (80.4%) had substantial improvement or were
free of urinary symptoms at a follow-up of 13 months
[382]. Dunn et al noted that 19/20 patients with urge
incontinence or severe urgency and frequency were
either improved or cured following bladder distention
[383]. Corroborative objective outcomes data such
as pad tests or voiding diaries were lacking in both of
these studies. In contrast, Delaere and colleagues
reported on 63 patients with involuntary bladder
contractions on cystometry and urge incontinence
undergoing prolonged bladder distention [384]. 

Results were tabulated according to symptomatic
outcome. Continence was not a primary outcome
measure. At 1 year follow-up 11% of patients were
cured and 21% improved. Whitfield noted that none
of 11 patients with detrusor instability treated with a
classical Helmstein balloon bladder overdistension
“reverted” to a normal cystogram although 6/11 noted
some symptomatic improvement [385]. Poor results
were also seen by Pengally and colleagues in whom
only 4/46 patients noted symptomatic improvement
following hydrodistention [386]. Of the 43 patients
undergoing postoperative urodynamics in this study,
none had “conversion” to a stable detrusor on
cystometry.  

Long-term follow-up studies demonstrating an
objective or durable response to this modality of
therapy for detrusor overactivity incontinence are
lacking. Outcome measures have included mostly
subjective patient assessments done in a retrospective
fashion. Validated general or disease specific quality
of life instruments have not been utilized to assess
outcomes in these patients.

Bladder rupture, haematuria, infection, voiding
dysfunction, and urinary retention are potential risks
of bladder overdistension. 

c) Transvesical Phenol injection

Transvesical phenol injection is performed by
endoscopic injection of a 5%-6% aqueous phenol
solution in the region of the trigone of the bladder.
The mechanism by which phenol exerts it’s favourable
effects is purported to be via chemical denervation
(neurolytic agent) [387].  

Level I evidence:There are no randomized, double
blind, placebo controlled studies that have examined
the efficacy of subtrigonal phenol or compared it to
another therapy for detrusor overactivity incontinence.

Other evidence:Several uncontrolled studies have
examined the effects of subtrigonal phenol injection
for the treatment of both non-neurogenic and
neurogenic detrusor overactivity (Level 4 evidence).
Initial studies suggested that this therapy was safe and
effective in the short term with response rates of
between 58-83% [388-391]. Better response rates
were seen in neurogenic as compared to non-
neurogenic voiding dysfunction, especially in patients
with multiple sclerosis [389,390]. In one study,
neurogenic bladder patients had a markedly greater
response rate (82%) as compared to younger (<55
years old) non-neurogenic patients (14%) [391].
Subsequent studies with longer-term follow-up have
not reproduced these results. Chapple and colleagues
reported that only 4 out of 24 patients derived any
ongoing benefit from phenol injection at 6 months
follow-up [392], whereas Ramsay and colleagues
reported a subjective response rate of only 14% in 36
patients at a mean follow-up of 13.7 months [393]. Wall
et al reported a 29% initial response rate with all
patients eventually failing at up to 4 years follow-up
[394]. A similar long term failure rate was seen by
Rosenbaum et al where only 1 out of 60 patients
maintained a satisfactory result at 2 years [395]. 

Overall an 11.3% complication rate has been attributed
to subtrigonal phenol injection including urinary
retention, fistula and significant hematuria [392].

Recommendation: 

2. OPEN SURGICAL INTERVENTIONS 

a) Ingelman-Sundberg Denervation

In 1959 Ingelman-Sundberg described an operation
for the treatment of urge incontinence that selectively
divided the preganglionic pelvic nerves near the inferior
surface of the bladder through a transvaginal approach.

Current evidence suggests that women with
refractory non-neurogenic detrusor overactivity
do not gain long term benefit from endoscopic
bladder transaction, bladder overdistension,
or transvesical phenol injection. Clinical use of
these modalities is not recommended for this
indication. (Grade C)
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This involved considerable dissection near the cervix
and bilateral transection of the pelvic nerves in this
region. 

Level I evidence: There have been no randomized
controlled trials, double blind trials, sham-controlled
studies, or cohort studies which have examined the
effects of Ingelman-Sundberg denervation for the
treatment of non-neurogenic detrusor overactivity
incontinence. 

Other evidence: Hodgkinson et al reported good
results with this procedure in a case series of 23
patients, with 12 patients subjectively cured and an
additional 9 improved (Level 4 evidence) [396]. The
results of a modified Ingelman-Sundberg procedure
by Cespedes and colleagues suggested a 64% cure
of urge incontinence in carefully selected patients at
a mean follow-up of 14.8 months [397]. In this case
series (Level 4 evidence) the authors preselected the
25 patients based on a satisfactory clinical response
to a transvaginal injection of local aesthetic in the
region of the trigone.  Westney and colleagues reported
long term results with the same modified Ingelman-
Sundberg procedure in a case series of 28 women
(Level 4 evidence) [398]. Using the same preselection
criteria as Cespedes et al, these authors noted a 54%
cure of urge incontinence and a 68% cure/improved
rate at a mean follow-up 44.1 months.  

One randomized prospective trial compared 96
patients with mixed urinary incontinence treated with
a transobturator midurethral sling (TOT) alone vs.
those treated with a TOT combined with an Ingelman-
Sundberg procedure. Objective surgical response
rate was significantly higher in the TOT plus Ingelman-
Sundberg group than in the TOT alone group (84.8%
vs. 62.8%; p=0.019) [399]. Complications in both
groups were similar although operative times were
longer in the combined surgery group.

Complications associated with the Ingleman-Sundberg
procedure have included ongoing voiding dysfunction,
bleeding, and transient urinary retention. 

b) Sacral rhizotomy

This procedure is primarily performed in the
neuropathic bladder population and is discussed
further elsewhere (See chapter on Neuropathic
bladder).

c) Enlargement (augmentation) cystoplasty

1. ENTEROCYSTOPLASTY

Augmentation cystoplasty has been used for many
years with varying degrees of success for refractory
detrusor overactivity and related incontinence.
Indications for enterocystoplasty (other than non-
neurogenic detrusor overactivity) include small capacity
bladders due to fibrosis, tuberculosis, radiation, or
chronic infection, neurogenic detrusor overactivity,

poor bladder compliance, as well as others [400-403].
Virtually any portion of the GI tract can be utilized for
enterocystoplasty with each segment having its own
unique favourable properties as well as inherent
complications [403,404]. There is no ideal segment for
all cases. Incorporation of bowel into the lower urinary
tract results in decreased bladder contractility and an
interval increase in the volume to first involuntary
bladder contraction during cystometry.  Technically, the
surgeon must be aware that the selected bowel
segment should contain a suitable length of mesentery
to reach into the deep pelvis for a tension free
anastomosis between bowel and bladder. During
enterocystoplasty, there is no general agreement on
whether it is more favourable to bivalve the bladder
sagittally or transversely.  However, it is ideal to create
the broadest possible opening in the bladder and
thereby create the widest possible anastomosis
between bladder and bowel resulting in the most
spherical configuration possible. The bowel is divided
and detubularised on its antimesenteric side prior to
anastomosis to maximally reduce peristaltic
contractions. The goal of enterocystoplasty is to create
a high capacity, low-pressure reservoir during the
filling/storage phase of the micturition cycle. When
successful, and properly combined with other
concomitant reconstructive procedures (i.e. uretero-
neocystostomy, slings, artificial urinary sphincters,
etc.), enterocystoplasty protects the upper urinary
tract from pressure-related injury, infection and reflux
while ideally providing complete urinary continence. 

Level 1evidence:There have been no randomized
controlled trials, double blind or sham-controlled trials
or cohort studies which have examined the effects of
enterocystoplasty for the treatment of non-neurogenic
detrusor overactivity incontinence or directly compared
it to another therapy for the same indication. 

Other evidence:There are only a small number of
reports in the literature that have examined the results
of enterocystoplasty in adult patients with non-
neurogenic detrusor overactivity incontinence. These
include only case series (Level 4 evidence). One
series comprised solely females [405] with the
remaining series including both males and females as
well as varying numbers of neuropathic bladder
patients [379, 406-412] (See Table 8). Outcome
measures have included mostly non-validated
questionnaires and subjective patient assessments.
Validated general or disease specific quality of life
instruments have not been widely utilized to assess
outcomes in these patients. 

Awad et al reported on a series of 51 female patients
undergoing augmentation cystoplasty for refractory
non-neurogenic bladder related incontinence [405].
18% of patients continued to have disabling symptoms
of urinary incontinence, and only 53% of patients
classified themselves as “happy” with the outcome
of the surgery. One series noted a deterioration in
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outcomes over time [376]. In this mixed series,
symptomatic improvement was reported in 83% of
non-neurogenic patients at 3 months postoperatively,
but decreased to just 58% at last follow-up (mean
follow-up 38 months).  In contrast, 92% of neuropathic
bladder patients in this series reported a “good” or
“moderate” result at last follow-up.  Similarly, Herschorn
and colleagues reported a very high degree of patient
satisfaction in a series composed of only neuropathic
bladder patients with all 59 patients reporting that
they were delighted, pleased or mostly satisfied with
the surgery [377]. The reasons for apparent superior
patient satisfaction in neuropathic patients as
compared to non-neuropathic patients are unclear.

d) Auto augmentation

As an alternative to enterocystoplasty especially in
children with neuropathic bladder, auto augmentation
of the bladder was initially described by Cartwright and
Snow [413,414]. Auto augmentation may be performed
by incision (detrusor myotomy) or excision (detrusor
myomectomy) of a portion of the detrusor muscle.
Either technique purportedly creates an iatrogenic
bladder mucosal “bulge” or pseudodiverticulum and
an increase in the storage capacity of the bladder
with a concomitant decrease in storage pressures.
The reported advantages of detrusor auto augmen-
tation over enterocystoplasty is the avoidance of
complications related to the use of bowel in the urinary
tract including malignancy, mucous formation, stones,
surgical morbidity related to opening and reana-
stomosis of the GI tract, and metabolic acidosis
[375,415, 403].  

Level I evidence:There have been no randomized
controlled trials, double blind trials or cohort studies
which have examined the effects of enterocystoplasty
as a treatment for non-neurogenic detrusor overactivity
incontinence. 

Other evidence:There are few studies on auto
augmentation in the adult non-neurogenic population
(See Table 8). One small study of 5 patients with urge
incontinence showed promising results in all patients
at the initial postoperative visit, but clinical deterioration
and failure occurred in 4 of the 5 patients at 3 months
follow-up [416] (Level 4 evidence). Mean bladder
capacity  increased but mean volume to first unstable
bladder contraction decreased. 4 of the 5 patients
continued to have involuntary bladder contractions
on cystometry. One retrospective study compared
detrusor myomectomy to enterocystoplasty in 61
patients [412]. The population under study included
both men and women with neurogenic and non-
neurogenic voiding dysfunction. These authors
reported comparable clinical success for the two
procedures however there was a 22% incidence of
serious complications in the 27 patients undergoing
enterocystoplasty, compared to only 3% of the 33
patients undergoing detrusor myomectomy.

Long term follow-up of auto augmentation in children
with neurogenic bladder has demonstrated disap-
pointing results [417,418]. This has been attri-buted
to eventual fibrosis of the pseudodiverticulum [415].
In an attempt to improve long-term outcomes with
this procedure and create a biological “backing” and
blood supply for the pseudodiverticulum, a number of
variations of this procedure have been described.
These variations have included the use of demuco-
salized bowel segments, stomach, peritoneum and
rectus abdominis muscle [415,419-423]. Long-term
follow-up demonstrating favourable clinical results
with these variations is lacking.  

e) Tissue engineering

Various tissue engineering techniques have been
utilized in an attempt to create a suitable alternative
to enterocystoplasty or autoaugmentation [424,425].
Many of these techniques rely on the use of native
urologic tissues either partially or fully. Techniques
have included the use of foetal tissues as well as
collagen matrices overgrown with transplanted cells
especially autologous cells.  

Level I evidence:There have been no randomized
controlled trials, double blind trials or cohort studies
which have compared tissue engineered bladders in
humans to any other technique for the treatment of
non-neurogenic detrusor overactivity. 

Other evidence:There are no published trials using
tissue engineering techniques for bladder recons-
truction in humans in the non-neurogenic detrusor
overactivity population. One case series of 7 patients
with neurogenic bladder due to myelome-ningocoele
demonstrated modest success with tissue engineered
autologous bladder cons-tructs.(Atala, 2006) [426]
(Level 4). 

f) Urinary diversion

Urinary diversion away from the bladder is rarely
needed for the treatment of non-neurogenic detrusor
overactivity. This is usually reserved for patients who
fail other surgical measures or who have intractable
detrusor overactivity and desire a simplified method
of management such as an abdominal urostomy.  An
ileovesicostomy (“chimney”) procedure or Bricker
bilateral ureteroileostomy may be considered
depending on the clinical circumstances including the
presence or absence of native vesico-ureteral reflux
(Leng, 1999) [412]. There are no studies that have
examined these techniques in the treatment of non-
neurogenic detrusor overactivity incontinence.

CONCLUSIONS

Prospective, randomized, placebo (or sham) controlled
trials of surgical therapy for detrusor overactivity
incontinence are lacking. There is a need to critically
assess these procedures in an evidenced based manner
and compare them to each other as well as non-surgical
therapies using a variety of outcome measures including
quality of life parameters. (Table 8)
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Recommendations

1. AUGMENTATION CYSTOPLASTY

Complications associated with enterocystoplasty are
significant and include those related to factors derived
from the bowel segment being in direct contact with
the urine as well as other operative and perioperative
morbidity. Short and long term complications of
enterocystoplasty have been recently reviewed by
Greenwell et al and are summarized in Table 9 [402].
Especially clinically relevant is the potential need for
long-term clean intermittent catheterization in these
patients. This possibility must be discussed with the
patient preoperatively as patients should be willing
and able to accept permanent clean intermittent
catheterization (CIC) as a method of bladder emptying.
Inability or unwillingness to perform CIC in those in

whom it is necessary can lead to life threatening
complications such as pouch perforation, urosepsis
and death. Mucous build-up in the augmented bladder
may also be troublesome but can be controlled by a
number of measures [427]. Malignant transformation
is a long-term risk of bladder augmentation and
requires ongoing lifetime surveillance [428-430]. 

Sacral nerve stimulation (SNS) involves the stimulation
of the sacral nerves to modulate the neural reflexes
that influence the bladder, sphincter and pelvic floor.
The initial experience with sacral nerve stimulation
for use in bladder dysfunction was reported by Tanagho
and Schmidt (1981) [431]. Since then, SNS using the
Interstim (Medtronic, Minneapolis, Minnesota, U.S.A.)
has been an invasive therapy that was approved by
the FDA in 1997 for treatment of refractory urge
incontinence. Use has been extended to include
significant urgency, frequency and idiopathic urinary
retention. World-wide, the number of implants passed
10,000 in 2003 with more than 70% of the implants
in the U.S.

a) Surgical Methods

Implantation of SNS consists of two steps: a ) Stage
I, or the trial stage – This involves the placement of
a stimulation lead next to the dorsal root of S3 for a
time period between 1-4 weeks. If the patient’s
symptoms under the existing list of indications for
SNS improves more than 50 %, then the patient is a
candidate to undergo the second step; b) Stage II or
Permanent Step – In this step the permanent
neurostimulator is implanted in the soft tissue of the
buttock of the patient.

b) Reports of RCT on three indications of UI, U/F
and UR

The initial report on the efficacy of SNS on treatment
of refractory urinary urge incontinence was reported
in 1999 (Schmidt 1999) [432](Level 2- as no placebo
or sham control was used). This study reported the
treatment of 76 patients with refractory urgent urinary
incontinence from 16 contributing worldwide centres.
The patients were randomized to immediate
implantation and a control group with delayed
implantation for a six-month period. At six months,
the number of daily incontinence episodes, severity
of episodes, and absorbent pads or diapers replaced
daily due to incontinence were significantly reduced
in the stimulation group compared to the delayed
group. Of the 34 stimulation group patients, 16 (47
percent) were completely dry, and an additional 10 (29
percent) demonstrated a greater than 50 percent
reduction in incontinence episodes. The interesting
finding was that during the therapy evaluation, the
group returned to the baseline level of incontinence
when the stimulation was inactivated. Complications

VII. NEUROMODULATION

VI. COMPLICATIONS OF SURGERY
FOR DETRUSOR OVERACTIVITY

Augmentation enterocystoplasty should be
reserved for patients who fail all forms of
conservative therapy and are willing to accept
the potential perioperative, and postoperative
morbidity associated with the procedure as well
as the potential need for permanent intermittent
urethral catheterization. Women with non-
neurogenic detrusor overactivity incontinence
should be advised that, in the long term, only
50% of women are satisfied with the outcome
from this procedure. (Grade C) 

Table 9. Complications related to enterocystoplacy *
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were site pain of the stimulator implantation in 16
percent, implants infection in 19 percent, and leak
migration in 7 percent.

The use of SNS in urgency frequency was reported

in 2000 (Hassouna 2000)433. Similar to the previous
design, 51 patients from 12 centres were randomized
into an immediate stimulation group and a control
group (25 and 26 patients respectively) ((Level 2- as
no placebo or sham control was used)). Patients were
followed for one, three and six months, and afterwards
at six-month intervals up to two years. At the six-
month evaluation, the stimulation group showed
improvement in the number of voiding episodes (16.9
+ 9.7 to 9.3 + 5.1) volume per void (118 + 74 to 226
+ 124 ml) and degree of urgency (the rank 2.2 + .6 to
1.6 + .9). In addition, significant improvement in quality
of life was demonstrated, as measured by SF-36.

Use of SNS for urinary retention was published in

2001 (Jonas 2001)434, and in this study 177 patients
with urinary retention refractory to conservative therapy
were enrolled from 13 worldwide centres between
1993 and 1998 (Level 2- as no placebo or sham
control was used). Thirty-seven patients were assigned
to treatment and 31 to the control group. The follow-
up was done at one, three, six, twelve and eighteen
months. The treatment group showed 69 percent
elimination of catheterization at six months and an
additional 14 percent with a greater than 50 percent
reduction in catheter volume per catheterization.
Temporary inactivation of SNS therapy resulted in
significant increase in residual volume, but the
effectiveness of central nervous stimulation was
sustained for 18 months after implantation.

In 2000, a follow-up report of some of these patients
was published (Siegl 2000) [435] (Level 3). This report
showed follow-up results after three years in all the
indications. Fifty-nine percent of 41 had urinary urge
incontinence. 46 percent of these patients were
completely dry. After two years, 56 percent of the
urgency frequency patients showed greater than 50
percent reduction in voids per day, and after 1-1/2
years, 70 percent of 42 retention patients showed
greater than 50 percent reduction of catheter volume
per catheterization.

The results of the use of SNS in the U.S. population
were published in 2002 (Pettit 2000) [436) (Level 3).
This publication showed the data collected from the
U.S. patient registry. The report included the use of
SNS in 81 patients with all three indications: 27 for
urgent continence, 10 with urgency frequency and
10 with urinary retention. In this report, 27 from 43
patients with urgent continence, 10 out of 19 with
urgency frequency and 10 out of 19 with urinary
retention showed improvement of more than 50
percent.

The results of an Italian registry was published in

2001 (Spinelli 2001) [437° (Level 3). This report
included the reports of 196 patients – 46 males and
150 females – for idiopathic urinary retention. 50
percent of patients stopped catheterization and another
13 percent catheterized once a day at one year after
implantation. At the 12-month follow-up, 50 percent
of patients with hyper-reflexia had less than one
incontinence episode daily and the problem was
completely solved in 66 patients. Of the patients with
urgent continence, 39 percent were completely dry and
23 percent had less than one incontinence episode
daily.

In Norway, the results of users of this modality were
published in 2002 (Hedlund 2002) [438](Level 3). The
author reported the first three years of experience
with 53 patients: 45 women and 8 men. This study
showed similar results to previous studies.

c) Urinary Retention

Aboseif et al 2002 reported on the use of SNS in
functional urinary retention (Level 3). 32 patients were
evaluated and underwent temporary PNE. Those who
had a least a 50% improvement in symptoms during
the test period underwent permanent generator
placement. All patients who went to permanent
generator placement were able to void spontaneously.
There was both and increase in voided volume (48 to
198ml) and decrease in post void residual (315ml to
60 ml). 18/20 patients reported a greater than 50%
improvement in quality of life. 

d) Other Indications

Use of SNS for other off-labelled applications has
been reported in the form of abstracts. The off-labelled
usage has included use of SNS in neurogenic bladder;
interstitial cystitis, and chronic pelvic pain. All these
results are limited case series reports. (Level 5) 

e) Complications

The reported complications of SNS includes infection,
revision of stage I or II, lead migration, and undesirable
stimulus. Changes in other visceral functions (sexual
function; bowel function) has also been reported. 

Stoller in 1987 reported that stimulation of the
peripheral tibial nerve in pig-tailed monkeys was able
to inhibit bladder overactivity (Gillon 1989) [439] (Level
3). This initial work led to its use in patients with
refractory overactive bladder. 

1. RESULTS

In 2000 Klinger et al performed a prospective trial on
15 patients with urgency-frequency syndrome. They
underwent 12 weeks of stimulation with the SANS
device (Level 3). Ten patients responded with a
reduction in voiding frequency per day ( 16 to 4) and
daily leakage episodes (4 to 2.4). The only complication
was one haematoma at the puncture site.
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Govier et al (2001) [440° (Level 3) in a multicenter
study reported the efficacy of SANS in 53 patients. All
patients had refractory OAB and were seen at 5
different sites in the U.S. The patients completed a 12-
week stimulation. 71% of the patients had at least a
25% decrease in daytime or night time frequency. No
adverse effects were noted. 

Level 2-3 evidence suggests that sacral neuromodu-
lation may provide benefit in the treatment of patients
with refractory urinary incontinence, urgency/frequency
and idiopathic, non-obstructive urinary retention. 

The mechanism of action of neuromodulation remains
unknown. 

The predictors of outcome and patient response to
neuromodulation remain unknown.

Longer term and independent observational studies
are needed to examine the longevity of the
neuromodulation and identification of the most
appropriate patient who should undergo this treatment.

2. COMPLICATIONS OF NEUROMODULATION

Several complications related to sacral neuromodu-
lation have been well documented. Overall, the
reported surgical revision or removal rate has been
reported to be as high as 16-32% [441, 442]. Seigel
et al reported on adverse events in 219 patients with
pain at the stimulator site being the most common
(Table 10) [443]. This is the most frequently reported
complication in many series [442, 444]. Generally
relocation of the device into another buttock or lower
abdominal site will improve the pain.

Table 10. Adverse events related to Interstim
implantation in 219 patients*

Pain at the stimulator site  15.3%

New pain 9.0%

Lead migration 8.4%

Infection 6.1%

Transient electric shock 5.5%

Pain at the lead site 5.4%

Changes in bowel function 3.0%

*adapted from: [454]

Several recent studies have reported longer-term
results of sacral neuro-modulation in a prospective
fashion. van Kerrebroeck, et al reported a five-year
prospective study using validated tools for urge

incontinence, urinary frequency and retention445. 17
centres were included, worldwide, with 163 patients
of whom 87% were female. Of these patients, 152
eventually underwent permanent implantation of the
InterStim device. Of those undergoing implantation,
96 (63.2%) had urge incontinence and 25 (16.4%)
had urgency and frequency. Voiding diaries were

collected post-insertion, annually, with clinical success
being defined as 50% or greater improvement in
primary voiding dysfunction variables. At five years,
urge incontinence leaking episodes decreased from
a mean of 9.6 (plus or minus 6) to 3.9 (plus or minus
4) episodes per day. For those patients with urinary
urgency, mean voids decreased from 19.3, (plus or
minus 7) per day to 14.8 (plus or minus 7.6) whereas
mean voided volume increased from 92.3, (plus or
minus 52.8 ) to 165.2 (plus or minus 147.7). All
changes were noted to be statistically significant
according to the authors’ findings, with no life-
threatening or irreversible adverse events being
recorded. However, 279 device- or therapy -related
adverse events in 102 patients were noted. Overall,
23.7% of patients during the study period required
device exchange (36 patients). An additional twelve
(7.9%) required re-positioning of the pulse generator,
and ten (6.6%) required a lead and pulse generator
replacement, and finally, ten (6.6%) required only lead
re-positioning. An additional eleven patients (7.2%)
required either permanent or temporary explantation,
due to a variety of indications. The authors concluded
that neuromodulation provided long-term benefit for
urge incontinence, urinary frequency and urinary
retention. (Level 3 evidence)

A second long-term outcomes report for neuro-
modulation was published by van Voskuilen [446].
This was a single institution study and was a
retrospective assessment of all patients implanted.
There were 149 patients, including 107 subjects with
urgency and frequency and/or urge incontinence as
indication for implantation. Mean follow-up was 64.2
months (standard deviation 38.5). 194 adverse events
were recorded, including six infections, with one
explantation for infection. 129 re-operations were
performed, with 21 complete explantations. There
was a “learning curve” with time such that incidents
of re-operations decreased substantially after 1996,
correlating with improved experience with the device.
This also correlated with a more “proactive” approach
toward adverse events, including earlier diagnosis
and intervention. Revision rates decreased overall
from 4.25 in 1990, the first year of the study, to 0.00
from 2001 through the end of study, in 2003. The
most common adverse event encountered in this
population was pain with stimulation, followed by
undesirable changes in voiding function, 64 and two,
respectively, and pain at the IPG site, which was 41.
There were also ten cases of lead migration and six
cases of device-related failures. 

Based upon a stringent review of the literature, a
recent NICE guidance stated that sacral nerve
stimulation was recommended for patients with
detrusor overactivity who had failed conservative
treatments. The NICE guideline concluded that
approximately two-thirds of the patients achieved
continence or at least substantial improvement of
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symptoms over periods ranging from 3-5 years, with
approximately one-third of the patients requiring a re-
intervention due to device-site or infection related
complications. 

Barizzelli reported a systematic review of the literature
and acknowledged a similar finding [447] 

Recommendation

4 NICE guidelines reference

Search of Medline for urethral diverticulum (UD) and
female resulted in 576 published articles from 1952
to 2008. Despite case reports dating to 1786 (Hey),
most studies consist of case series and consist of
small numbers without control groups or comparison
of differing interventions. 

Diagnosis of UD was first advanced by Davis and
Cian when they introduced the Double Balloon Positive
Pressure Urethrography technique in 1956. Recently,
longer term follow up studies post intervention and
advances in imaging such as magnetic resonance
imaging (MRI) has led to increased clinical awareness
and diagnosis of this condition. (Daneshgari 1999)
[448] (Figure 12).

The important clinical topics concerning UD are:

1. CLASSIFICATION 

2. IMAGING MODALITY USED FOR
CHARACTERIZATION AND DIAGNOSIS

3. INDICATIONS FOR CONCOMITANT
PROCEDURES SUCH AS ANTI-
INCONTINENCE PROCEDURES,

4. USE OF INTERPOSITIONING TISSUES.

5. OUTCOME MEASURES AND
COMPLICATIONS OF UD REPAIR

1. CLASSIFICATION 

Leach (Leach et al. 1993) [449] originated a
classification system designed to accurately describe
the characteristics of urethral diverticulae. The system
utilizes the acronym LNSC3, which represents
descriptive parameters for L = Location, N = Number,
S = Size, C1 = Configuration, C2 = Communication,
and C3 = Continence. In a series of 61 patients,
urethral diverticulae were most commonly single in
number (90 percent) and shape (62 percent). The
location of the diverticulum swelling (62 percent), and
ostium (60 percent) was mid-urethra. Fifty-six percent
of the patients were incontinent (Leach et al 1993)
[449]. 

Leng and McGuire divided diverticulae based on the
integrity of the periurethral fascia, although diverticulae
were described generally as primary diverticulae
consisting of a mucosal layer only with narrow neck
ostia bound by intact periurethral fascia. In contrast,
pseudodiverticulae are often multi-layered with wide
mouthed ostia on cystoscopic examination in
association with a periurethral fascia defect. Rupture
or erosion of the periurethral fascia often correlates
with a history of prior suspension or a recurrent urethral
diverticulae (Leng and McGuire 1998) [450]. These
authors introduced the possibility that recurrence rates
were influenced by global defects in the periurethral
fascia thus potentiating de novo diverticulum formation
or recurrence even after successful initial intervention.

2. IMAGING MODALITY USED FOR
CHARACTERIZATION AND DIAGNOSIS

Optimal imaging modality for diagnosis of UD
continues to be discussed in the literature. However,
increasing data supports the definitive role of MRI
examination in defining these lesions. The existing
modalities include:

a) Voiding Cysto Urethrogram (VCUG) /Double
Balloon Retrograde Urethrography

b) Ultrasound

c) MRI

The value of concomitant cystoscopy during the
evaluation process lacks any significant evidence
although this practice appears to be widely used.

VIII. URETHRAL DIVERTICULUM

Evidence Level: Sacral neuro-modulation
appears to have benefit for patients with urge
incontinence, as well as urgency and frequency.
(Level 1, 2, and 3) 

Recommendation Level A.

Figure 12 : Urethral diverticulum
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Similarly, the use of urodynamics (with or without
fluoroscopy) while very commonly done in naturalistic
settings, has not been adequately studied to assess
contribution to the overall assessment of UD.

a) Voiding Cysto Urethrogram (VCUG) /Double
Balloon Retrograde Urethrography 

In 1928, Norris and Kimbrough were the first to utilize
cysto urethrography to define female bladder and
urethral anatomy. A variation of this technique was
repeated by Davis using a specialized double balloon
catheter. Reported sensitivity for these techniques
has ranged widely from 44 to 100 percent (Ganabathi
1994; Jacoby 1999; Golomb 2003 Level 3) [451-453].
Other authors have argued for the value of VCUG
combined with urodynamics to assist in structural and
functional analysis of the entire lower urinary tract.
(Rufford, 2005, Level 4)[454]

b) Ultrasound

In 1977, Lee and Keller reported the use of abdominal
ultrasound to identify urethral diverticulae (Lee 1977)
[455] (Level 3). This modality may be used when a high
clinical suspicion exists and when urethrographic
results are negative. Diverticulae appear as anechoic
or hypo echoic (to periurethral tissue) cavities with
enhanced through transmission. Newer higher
frequency ultrasound probes associated with intra-
luminal probe use may further enhance the utility of
this technique. (Yang, 2004, Level 4) [456].Ultrasound
has been shown to have 100% sensitivity as compared
to other modalities for the diagnosis of UD. (Gerrard,
2003, Level 3) [457].

c) MRI (Figure 13)

MRI has the advantage of multiplanar capabilities
and excellent soft tissue definition. These qualities
allow for differentiation between urethral diverticulae
and other periurethral masses. Both T1 rated and T2
weighted images have been used or could be used
for diagnosis of MRI. The T2 weighted images allow
a high signal intensity of the urine, and collections
within the urethral diverticulae making it a preferred
method of imaging for urethral diverticulae (Level 3).
The multiplanar capability of the MRI allows for a)
identification of multiple urethral diverticulae; and, b)
surgical planning for repair of the urethral diverticulae.
Neitlich et al. applied a high-resolution fast stain echo
MRI technique using a torso multicoil resulting in an
examination time of 15 minutes. This study
prospectively compared double balloon urethrography
with MRI imaging of the urethra for detection of urethral
diverticulae with a resultant sensitivity of 25 and 100
percent respectively. (Neitlich 1998 Level 2) [458]
Another study evaluated diverticulae preoperatively
with MRI classifying them simple, « U » shaped, or
circumferential based upon MRI appearance.
Recurrence after resection was significantly higher
in « U » shaped (33%) or ring lesions (60%) then in

the simple group (0%).(Han, 2007, Level 2)459 MRI
has also been shown to alter surgical management
in some patients (15% of 27 patients). (Foster 2007,
Level 4) [281]. Attempts at refining MRI technique
using endo cavity techniques may improve detection
and characterisation of these lesions. (Lorenzo, 2003,
Level 3) [460].

There is no Level 1 evidence to support the optimal
imaging modality. There are differences in the
calculated sensitivity of each imaging modality between
the various recorded studies. Moreover, the results of
the studies are limited by differences in the patient
population, study techniques, and interpretive skills of
the radiologists.

3. TREATMENT

Surgery for stress incontinence may be successfully
performed along with urethral diverticulectomy. Leach
(Leach and Bavendam 1987) [461] described
simultaneous needle bladder neck suspension in 22
women with stress incontinence (Level 3). At the main
follow-up of 20.5 months, 77 percent were totally
continent and no significant complications were noted.
Four of the five failures were secondary to ISD.
Swierzewski (Swierzewski and McGuire 1993) [462]
performed simultaneous autologous rectus fascia
vaginal sling and urethral diverticulectomy in 14 women
(Level 3). All were cured of the stress continence and
one developed severe detrusor overactivity. The
diverticulae recurred in one patient. More recent
reports suggest that when an anti-incontinence
procedure is not performed at time of diverticulectomy,
rates of symptomatic incontinence are high with 49%
of women reporting de novo SUI, and when
incontinence was pre-existent, a 73% rate of
persistence (Lee, 2008, Level 3) [485].

Use of labial (Martius) fat pad, vaginal wall bipedicled

Figure 13 : MRI picture illustrating a urethral diver-
ticulum
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flap and autologous fascia in forms of pubovaginal sling
has been used as interpositioning techniques for
repair of UD. All reported cases are case series (Level
3). In several series, use of perivesical fascia as the
interpositioning layer has been reported. 

The optimal outcome of repair of UD is a) absence of
UD recurrence; b) relief of symptoms; and c) absence
of complications. A wide range of measured outcomes
is reported in the literature mostly in form of case
series (Level 3). The potential complications of the UD
repair are reported as either short term (bleeding,
urinary tract infection) or long term (urethrovaginal
fistula, urethral pain syndrome, urinary incontinence,
recurrent diverticulum). Recurrence of UD has been
reported as long as 5 years after surgery. Presence
or absence of additional pathologies such as neoplasm
(squamous cell carcinoma, clear cell carcinoma,
nephrogenic adenoma, vaginal leiomyoma), malako-
plakia, and calculi formation within the UD has also
been reported as an outcome measure. The incidence
of concomitant pathology is reported in less than 5%
of large series (Kochakarn 2000) [463].

In 1875, Tait was the first to report complete excision
of a urethral diverticulae (Tait 1875) [464]. The following
approaches have been reported in the literature for
urethral diverticulum.

1. Endoscopic Approach – This technique uses a
transurethral marsupialisation. (Davis 1970; Lapides
1979) [465,466].

2. Packing/Obliterative Procedures – The diverticulae
cavity is packed with oxidized cellulose followed by
closure of the diverticulum and vaginal wall. (Ellik
1957) [467].

3. Open Marsupialisation – The Spence technique,
which is essentially a meatotomy, is often performed
for distal diverticulum connecting the posterior
aspect of the urethral wall. (Spence 1970) [468].

4. Open Diverticulectomy – This technique uses
mostly vaginal exposure to a) identify the
diverticulum, b) dissect the diverticulum, c) repair
the defect in the periurethral fascia. This technique
has been the most widely used technique and the
most widely reported in the literature. For the
majority of the cases, a single closure of the
periurethral fascia suffices for repair; however, use
of additional inter-positioning tissues such as
Martius fat pad has been reported. 

5. Retropubic approach for ventrally based proximal
diverticulae – This is used for very proximal and
ventrally positioned proximal diverticulae, which
are not the most common type of presentation for
diverticulum. 

6. Supra-Urethral meatus Approach to Ventrally Based
Diverticulum – In this approach for urethrolysis, a
semi-circle incision is made above the urethral

meatus thereby gaining an approach to the ventral
urethral space.

7. Transvaginal resection with periurethral fascia
dissection and layered closure (most common)

8. Urethral transection with circumferential dissection.
(Rovner, 2003, Level 3) [469].

All the reported surgical techniques are case series
(Level 3), and there is no published report of comparing
the techniques or the outcomes in a prospective,
randomized manner. One series reports the longest
follow up of transvaginal resection. Sixty four women
were followed up to twenty years, with recurrence in
11, urinary tract pain in 11, dyspareunia in 14, urinary
urgency in 39 (12 with urge incontinence), and 24
with de novo stress incontinence. This report
underscores the importance of assessing all functional
outcomes of UD interventions. (Ljungqvist, 2007,
Level 3) [470]

I. INTRODUCTION

In developing countries birth trauma remains the
aetiology for the majority of fistulae. (Arrowsmith 1996)
[471]. In developed countries, modern obstetric care
has substantially limited the risk of vesicovaginal
fistulae and fistulae are usually the result of
complications of gynaecological or other pelvic surgery.
Evidence for fistula evaluation, timing of corrective
intervention, methods of and adjuncts to correction,
and associated management strategies is based on
clinical series and / or case studies (Levels 2, 3 and
4) and lacks definitive randomized control analysis.

2. SPECIFIC AETIOLOGIES

In developed countries the most common cause of
vesicovaginal fistula is routine abdominal or vaginal
hysterectomy. At least 75% of genitourinary fistulae
are subsequent to this cause (Jonas 1984, Symmonds
1984, Lee 1988, Tancer 1992) [472-475]. Fistulae
occurring after hysterectomy are thought to be due to
unrecognized direct bladder trauma, tissue necrosis
caused by inadvertent suture placement though the
bladder wall (probably most common and arising from
suture placement at time of vaginal vault recons-
truction), or thermal injury from electrocautery either
as an isolated factor or in association with direct
surgical injury. Tissue necrosis may also occur
following previous surgery and with pelvic abscess or
infection. Tissue necrosis results in fibrosis and
induration, eventuating in an epithelial or mucosal
lining of the fistula tract (Kursh, 1988) [476].

In 1980 Goodwin reported 32 patients with fistulae as
a direct result of gynaecological intervention (Goodwin

IX. NON-OBSTETRIC URINARY
FISTULAE
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1980) [477]. Tancer (1992) [475] noted a similar group
of 151 patients and found that 91% (137) were
postsurgical with 125 caused by gynaecological
surgery. The most common procedure accounting for
fistula was hysterectomy in 73% (110) of cases (99
of which were performed transabdominally). Factors
thought to contribute to the risk of fistula formation due
to hysterectomy include: prior caesarean section,
intrinsic uterine disease (endometriosis) and prior
ablative treatment for carcinomas (pelvic radiation
therapy). Similar risk factors were identified by Blandy
et al. (1991) [478]. The incidence of fistula after
hysterectomy is generally accepted to be 0.1 - 0.2%.
(Harris, 1995) [479] Recent meta- analysis of the
gynaecological literature suggests that the rate of
iatrogenic ureteral injury during hysterectomy
approaches a crude occurrence rate of 6.2 per 1000
cases, while bladder injury occurs at 10.4 per 1000
cases. (Gilmour, 1999) [480] Additional surgical
aetiologies include ; general surgical interventions
in the pelvis (i.e. low anterior resection), anterior
compartment repairs, or stress incontinence
interventions. (Armenakas, Pareek, & Fracchia 2004)
[481]. In a large series of 207 VVF, 83% were due to
abdominal hysterectomy, 8% vaginal hysterectomy, 4
% radiation and the remainder miscellaneous causes
(Eilber et al. 2003) [482]. Intraoperative cystoscopy
appears to lessen the risk of fistula formation by up
to 90% for ureteral and 85% for bladder lesions.
(Gilmour, Dwyer, & Carey 1999) [480].

Other causes of fistulae include ; malignancy
(Kottmeier, 1964) [483], radiation (Cushing, 1968 ,
Stockbine 1970, and Villasanta, 1972) [484-486]
gastrointestinal surgery (low anterior resection) (Cross,
1993) [487], inflammatory bowel disease and urinary
tuberculosis (Ba-Thike et al, 1992) [488]. Symmonds’
experience at the Mayo clinic revealed only 5% of
800 vesicovaginal fistulae to be due to obstetric causes
(Symmonds, 1984) [473]. Rarely, foreign bodies such
as pessaries, diaphragms, and intrauterine devices
also may lead to fistula formation (Goldstein et al,
1990) [489]. Iatrogenic CO2 laser therapy for cervical
disease has also resulted in bladder fistulae (Colombel,
1995) [490]. Autoimmune diseases such as Behcet’s
have also been implicated as causative for
vesicovaginal fistulae, due to extensive vasculitis
related bladder wall necrosis. (Monteiro, 1995) [491].
Cervical, vaginal and endometrial carcinoma account
for 3-5% of VVF in the developed world, and are the
most common malignancies associated with this
phenomenon. 

3. EVALUATION

The best preventative strategy for fistulas is early
identification at the time of surgery with immediate
repair of the bladder / ureteral injury. Physical exami-
nation is the most important diagnostic component
in the evaluation of a woman with a suspected
genitourinary fistula. Vaginal examination should try

to identify the fistula tract and the degree of vaginal
access. 

Aiding physical examination, dyes may be instilled
into the bladder and coloured vaginal drainage
assessed. This tool is particularly helpful for obscure
fistulas (Drutz & Mainprize 1988) [492].

Cystoscopy (Figure 14) is a crucial adjunct to
demonstrate the location and size of the fistula as
well as proximity to one or both ureteral orifices.
Cystoscopy also assesses the bladder mucosa for
oedema and persistent necrosis which may complicate
planned surgical repair. 

Patients may present while in the hospital with
prolonged ileus, excessive pain, haematuria or flank
pain (if a simultaneous ureteral injury also is present)
(Kursh, 1998) [476]. If the fistula tract is large enough
a significant amount, if not all, urine drains through the
vagina, producing continuous or total incontinence. In
other cases, fistula drainage may be minimal and
intermittent and may be initially mistaken for stress
incontinence occurring postoperatively. Patients with
urethrovaginal fistulae arising from urethral catheter
trauma may not develop symptoms until catheter
removal has occurred. Incontinence arising from a
urethrovaginal fistula may be intermittent unless the
fistula extends across the bladder neck, in these cases
severe and total incontinence is usually encountered.
Fistulae may develop up to twenty years post radiation
(Graham 1965; Raz 1992) [493,94]. Additionally,
persistent clear vaginal discharge after hysterectomy
may arise from leakage of peritoneal fluid from a
vaginal cuff through a peritoneal sinus tract (posthy-
sterectomy pseudo incontinence) (Ball, 1995) [494].
Ginsberg et al, 1998 [495], reported five patients with
this finding, all of whom were cured by vaginal cuff
revision. 

Figure 14 : Post-hysterectomy cystoscopic appea-
rance of a VVF
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Intravenous pyelography should be performed in
women with any urinary fistula primarily to detect
ureteric injury but also for congenital ureteric
anomalies. Symmonds (1984) reported a 10% risk of
a simultaneous ureteral component with vesicovaginal
fistulae. The cystogram phase of the IVP may also
suggest the presence of a fistula if early pooling of urine
in the vagina occurs or wisps of urinary extravasation
are noted. Retrograde pyelography may be employed
for diagnosing the site of a ureterovaginal fistula or the
possibility of a combined uretero- and vesicovaginal
fistula, although no direct studies have evaluated this
diagnostic technique against other imaging modalities. 

Voiding cystourethrography (VCUG) may also help
determine fistula presence and location. Also, the
VCUG may demonstrate other lower urinary tract
abnormalities that may impact upon surgical
reconstruction (vesicoureteral reflux, cystocoele,
urethral diverticulum). Occasionally contrast exa-
mination of the vagina (vaginography) may help
demonstrate an irregular fistulous tract. Zimmern et
al (1994) [496] described the procedure for injecting
contrast material through the vagina with a large
balloon occluding the vaginal introitus. Level 3
evidence supports the use of this study.

Hilton (1998) [497] argues that urodynamics are
necessary in the woman with a lower urinary tract
fistula. He noted the following urodynamic abno-
rmalities while evaluating 30 women with fistulae:
47% urodynamic stress incontinence, 44% detrusor
overactivity, and 17% with poor bladder compliance.
Urodynamics, however, are often difficult to perform
due to continuous loss of instilled fluid through the
fistula tract and therefore in many cases may not be
additive to the overall evaluation of the patient. No
evidence exists as to the role of urodynamics in
predicting post-operative stress incontinence after
fistula repair.

Summary 

The evaluation of urinary fistulae is based on evidence
of loss of urine on physical evaluation, cystoscopic
inspection of the bladder, and assessment of lower
ureteral integrity (either IVP of retrograde pyelography).

Mandatory evaluation includes clinical examination
with or without the use of dyes (Level 3) Intravenous
urogram (Level 3,4),

Cystoscopy (Level 3)

Optional testing: Voiding cystourethrography (Level
3,4), Urodynamics (Level 4)

4. TREATMENT

a) Conservative and minimally Invasive
treatment

Regardless of the timing of presentation, a trial of
conservative therapy may be implemented which uses

continuous urethral catheter drainage. Level 4,5
evidence suggests that a variety of conservative
techniques may be curative and possibly should be
attempted first in patients with single fistula tracts
which are less than 1 cm in size, and which are not
associated with complicating factors such as prior
radiation. Tancer et al (1992) [438] reported 3 of 151
patients with spontaneous closure of fistula using this
strategy. Spontaneous closure occurred with 3 fistula
tracts identified early in the postoperative period in 45
women managed in this fashion. Often, however, the
patient has already undergone a trial of catheter
drainage at the time of initial evaluation and therefore
further catheter drainage may be helpful. No definitive
evidence suggests the optimal time for catheter
drainage. (Level 4)

Another possible conservative therapy utilizes
electrocoagulation or fulguration of the lining of the
fistulous tract (O’Connor 1980, Alonso 1985, Molina
1989, Stovsky, 1994) [498-501]. In Stovsky’s
experience 11 of 17 (73%) of patients with small (less
than 3mm) fistulae treated with electrofulguration and
2 weeks of catheter drainage resolved. McKay (1997)
[502] recently described successful cystoscopically
placed suture closure of a vesicovaginal fistula, with
no secondary incision.

Recently, the use of tissue adhesives has been
described as a sealant for fistula tracts. Evans et al
(2003) [503] reported the use of fibrin sealant for five
patients who had complex vesicovaginal fistulae. All
five were successfully managed without complication.
(Level 4)

Summary

Level 4/5 evidence suggests that conservative
management techniques may be utilized in selected
patients with small fistulae. More research is needed
to better identify the patients who would best be
managed in this manner.

b) Surgical Therapy

1. TIMING OF INTERVENTION

Previously, many authors have advocated a waiting
period of at least 3 to 6 months before intervening
with surgical therapy (O’Connor 1951, Wein 1980,
Blandy 1991) [504,505,478]. No specific evidence
exists as to the need for this delay in intervention.
More recently surgeons have advocated an
individualized approach without an observational
period. Several authors have reported excellent results
with early interventions (Persky, 1979, Goodwin 1980,
Wang 1990, Raz 1992, Blaivas 1995, Raz 2000)
[506,477,507,94,508,509]. There is Level 3 evidence
that fistulae identified within the first 24 to 48 hours
postoperatively can be safely repaired immediately.
Those identified days to weeks after surgery require
careful planning and selection. Wang and Hadley
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successfully managed 15 of 16 (94%) high lying
(vaginal apical) fistulae through a transvaginal
approach, with all 7 patients who were less than three
months from initial surgery cured of fistula. (Wang
1990) [507].

Summary

The timing for surgical intervention may depend on
presenting factors such as tissue integrity. Intervention
immediately following early diagnosis is successful
in some series. Additionally, surgical approach
(abdominal versus vaginal may also impact this
decision). More research is necessary to identify
optimal timing of fistula repair.

Evidence for timing of Surgery Level 4,5

2. PREOPERATIVE PREPARATION

No specific evidence supports any preoperative
preparation as being crucial for surgical success.
Individualization of operative decision will be impacted
by the unique needs of each woman undergoing
intervention. Local preparation such as vaginal
douches with antiseptic agents the evening before
and the morning of surgery have been used in the past
but no evidence supports this technique. A recent
RCT evaluating the use of antibiotic prophylaxis for
fistula surgery showed no benefit to use of
perioperative antibiotics (Tomlinson AJ & Thornton
JG 1998) [510]. Oestrogen replacement therapy has
also used in those patients with poor quality of vaginal
tissues (Raz 1992) [94]. (Level 4/5)

Summary

No specific preoperative preparation has been shown
to alter outcome. Antibiotic prophylaxis does not
influence post-operative infective morbidity or outcome.
(Level 1 / 2)

3. SURGICAL APPROACHES

Surgical approaches used for vesicovaginal fistulae
include: combined abdominal vaginal, vaginal, or
abdominal approaches. The approach chosen is
dependent upon several factors, including location of
fistula, quality of the tissues, and surgical experience
and training. Vaginal surgery is more rapid and results
in less morbidity and more rapid recovery; however,
the vaginal route is difficult in patients with a significant
degree of fibrosis, pelvic immobility, or with large
fistula tracts with possible injury in close proximity to
the ureteral orifices. (Carr & Webster 1997) [329]
(Dupont & Raz 1996) [511] The abdominal approach
may be more appropriate for the poorly visualized
tract , the narrow or immobile vagina, and those with
close proximity to a ureteral orifice. Laparoscopic
repair also provides an alternative approach.

Other considerations for surgical repair include; type
of suture, method of urinary drainage, and the use of
tissue interposition graft. 

There is only level 4 and 5 evidence to support any
of the surgical techniques.

5. VAGINAL APPROACH

The vaginal approach utilizes an anterior vaginal wall
flap for coverage. Subsequently a tension free closure
is performed utilizing a long acting (polyglycolic acid
or polydioxanone) suture and non-overlapping multiple
closure lines. Interposition tissue may be mobilized
from labia, peritoneum, or vagina. 

There is only level 4,5 evidence to support these
techniques.

A suprapubic catheter should be placed (Zeidman
1988) [512]. Urinary drainage may also be
supplemented with a urethral catheter. If the fistula
communication occurs in proximity to the ureteral
orifices, ureteric catheterization with cystoscopic
assistance is generally performed prior to fistula
closure. Optimal visualization is dependent on tissue
mobility. The use of lateral relaxing incisions may help
operative visualization and approach to the fistulous
tract (Zimmern 1994) [602]. If the fistula repair is
tenuous or there is concern regarding apposition of
suture lines a Martius interpositional graft may be
utilized. If this is not obtainable, alternative graft
sources include a peritoneal flap (Raz 1993) [513] or
an interposition graft utilizing gracilis muscle tissue.
The peritoneum can be freed from the posterior aspect
of the bladder and easily advanced to cover the layers
of the closure as well (Raz 1993) [513]. (Level 4)

Level 4,5 evidence suggests that the Martius labial
interposition graft provides a satisfactory graft material
(Raz 1992, Blaivas 1995, Blaivas 2000, Hoskins,
1984) [94,508,514,515]. Several authors have used
this graft as an adjunct to repair associated with
complicated incontinence with excellent results.
(Ghoniem 1995, Carr 1997) [517,329] Martius flap
interposition has been used for both urethrovaginal and
vesicovaginal fistulas and seemed to convey an
advantage (0 recurrences in 13 women) over repairs
which did not use flap interposition (4 recurrences in
21 women) (Rangnekar, Imdad, Kaul, & Pathak 2000)
[518]. 

The vast majority of vesicovaginal fistulae can be
closed in one operation using the previously described
approach. Raz reported a success rate of 92% (64/69)
for vesicovaginal fistulae, 2/3 of which had failed 1 to
3 prior repairs using this technique (Raz 1992) [94].
Many of these repairs used a peritoneal graft
interposition. 

Other variants for vaginal the approach include the
Latzko which essentially produces a partial colpocleisis
with risks of vaginal shortening and overlapping suture
lines. (Enzelsberger & Gitsch 1991) [519] Additionally,
vaginal cuff excision has been advocated as another
ablative method for closing fistula tracts. (Iselin, Aslan,
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& Webster 1998; Flynn, Peterson, Amundsen, &
Webster 2004) [520,521].

Eilber et al recently reported a 10 year experience with
interposition graft use in 120 patients undergoing
vaginal repair of fistula. In 83 a peritoneal graft was
used, in another 34 a Martius graft was interposed,
and in 3 a labial interposition was applied. The success
rates were 96, 97, and 33% respectively. (Level 3) No
intraoperative complications were reported.

6. ABDOMINAL APPROACH

All bladder fistulae (except those extending into the
urethra) may be approached utilizing the abdominal
approach, and this is the preferred approach in those
patients requiring bladder augmentation or ureteral re-
implantation. The earliest experience was reported
by O’Conor (1951, 1973) for abdominal transvesical
repair of vesicovaginal fistulae. This technique may
require placement of ureteral catheters to localize the
ureteral orifices. An abdominal incision is then
performed (midline or pfannenstiel), followed by
bisection of the bladder to the level of fistula. The
bladder and vagina are mobilized and separated from
each other by dissecting along the vesicovaginal
septum. A complete excision of the fistula tract is
completed. If the tract is extensively indurated, a
posterior bladder flap may be mobilized to repair the
defect. (Gil-Vernet, 1989) [522]. Recently, Nesrallah
et al reported a 100% success rate using the O’Conor
transabdominal supratrigonal technique in 29 patients.
(Nesrallah 1999) [523]. Other authors have reported
similar results.

Separate closure of the vagina and bladder are
performed utilizing absorbable sutures (polydioxanone
or polyglycolic) and may be performed intra - or
extraperitoneally. The intraperitoneal technique allows
for easy harvest of the omentum.

Level 4 evidence supports the use of omentum as
an interpositional graft. Wein (1980b) [524] utilizing an
omentum graft based on the right gastroepiploic artery
noted adequate length and tension free apposition of
this tissue between the vaginal and vesical
components of the fistula repair. Other authors have
found the omentum to be reproducibly present for
interpositional uses.(Turner-Warwick, 1976) [525]
(Kiricuta, 1972) [526] The omentum is secured
between the bladder and vagina with 3-0 polyglycolic
acid sutures. 

Bladder augmentation can also be performed with
the intraperitoneal approach into the already bivalved
bladder. Large or small bowel may be utilized. This
closure is often reinforced with an omentum pedicle
graft. Reported success rates with this approach are
approximately 85% - 90% and have been reported by
numerous authors. (Marshall 1979, Wein 1980a, Gil-
Vernet 1989, Udeh 1985 ,Demirel 1993, Kristensen
1994, Blaivas 1995, Raz 2000) [527,505,522,528-
530,508].

7. LAPAROSCOPIC APPROACH

Laparoscopy provides an alternative approach for
fistula repair. Level 3,4 evidence suggests that this
approach may be successful for some patients. Nehzat
et al (1994) [531] reported a successful repair of a
laparoscopically caused fistula is a single patient. In
a larger series Ou et al (2004) [543] evaluated
retrospectively the value of laparoscopic repair as
compared to vaginal or abdominal repair in 16 patients.
Only two patients actually underwent laparoscopic
repair, and both repairs were successful, however
one patient had a prolonged hospitalization. (Level 5
Evidence)

8. COMPLICATED VESICOVAGINAL FISTULAE

Complicated vesicovaginal fistulae can be defined as
those fistulae of large size (3 to 5 centimetres or
greater in diameter), fistulae occurring after prior
attempt at closure, fistulae associated with prior
radiation therapy, fistulae associated with malignancy,
fistulae occurring in compromised operative fields
due to poor healing or host characteristics, and fistulae
that involve the trigone, bladder neck and/or urethra

Several Level 4/5 studies report results for complicated
fistulae. Reconstructive techniques have been
described utilizing a variety of interpositional tissues
including fibrofatty labial interposition tissues,
anterior/posterior bladder flaps (autografts), myocu-
taneous flaps including rectus, sartorius, gluteus, and
gracilis muscle flaps as well as combined myocu-
taneous flaps (Garlock 1928, Byron 1969, Stirnemann
1969, Menchaca 1990, Blaivas 1991, Raz 1992,
Candiani 1993, Tancer 1993, Brandt 1998) [532-
534,94,535-539] as adjuncts to repair of the complex
vesicovaginal fistula (Patil 1980,Bissada, 1992)
[540,541] (Level 4 / 5 Evidence)

Prior radiation therapy may increase the risk of
vesicovaginal fistula despite the use of the tissue
interposition (Obrink 1978, Raz 1992) [542,94]. Overall
results range around 50% successful closure, but
Bissada achieved 80% successful closure in his group
of 10 post-radiation patients.(Bissada, 1992 Level 5
Evidence) [541]

Summary

No specific intra-operative intervention has been
shown to influence outcome.

Urethrovaginal fistulae may be very small pinpoint
fistulae demonstrated by vaginal voiding or may
present as complete urethral and bladder neck loss
with total urinary incontinence. This circumstance
most commonly results from prior gynaecological
surgery, with anterior repair and urethral diverticu-
lectomy comprising the most common inciting
procedures (Blaivas 1989, Raz 2000) [555,520] (Level
4 Evidence)
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Previously, birth trauma was a cause of majority of
urethral defects; however, in developed nations this
is now a rare cause of urethrovaginal fistulae.
Prolonged obstructive labour, however, remains a
major cause of urethral injury in developing nations
(Elkins 1994) [544]. 

Level 4 Evidence suggests that techniques used for
urethrovaginal fistula closure are very similar to those
utilized for transvaginal vesicovaginal fistula repair
(Webster 1984) [545]. A significant difference however
is that the urethrovaginal fistula should not be
completely excised but rather circumscribed and
oversewn. Complete urethral loss is a more daunting
surgical challenge and a multiplicity of techniques
has been described for this (Blaivas 1989, Blaivas
1996, Hendren 1980 and 1998, Patil 1980) [555,546-
548,540]. These techniques usually employ some
type of flap utilizing either vaginal, bladder, or
alternative tissue in an inlay versus tabularised
reconstruction (Blaivas 1989) [555]. Simultaneous
stress incontinence procedures should be performed
to obviate the risk of postoperative incontinence
(Blaivas 1990) [549] (Level 3,4 Evidence)

i) Preoperative Evaluation

The physical examination is important to identify the
extent and amount of urethral loss and associated
vaginal pathologies such as prolapse and functional
problems such as stress incontinence. 

ii) Operative Technique

Small to intermediate size fistulae may be managed
with a tension-free layered closure. Distal fistulae
may be managed with extended meatotomy (Spence
1970) [468]. (Level 5) Complete reconstruction is
necessary for large fistulae with extensive loss
including those that involve the bladder neck. The
optimal continence procedure required in such cases
has not been critically studied.

Interpositional tissue should be considered whenever
the closure lines or vaginal tissues are of poorer quality
(Webster 1984, Leach 1991) [545,550] (Level 4,5
Evidence) 

Summary

Although the risk of non-obstetric fistulae after
gynaecological surgery approaches 0.1% in developed
countries, evidence supporting optimal surgical
preparation, approach and technique, and post surgical
management is predominantly based on case series
(Level 4). 

Conservative or minimally invasive management
(including catheter drainage, cystoscopic fulguration
of fistula tract, and use of occlusive agents) has been
reported the overall results for vesicovaginal fistulae
with these methods are highly variable. Expert opinion
suggests that an attempt at conservative management

should be considered during the early management
of a newly diagnosed vesicovaginal fistula. (Level 4
/ 5)

Although vaginal, abdominal, and laparoscopic
techniques have been described no clear advantage
exists between these techniques. Very little evidence
supports laparoscopic management. Surgeon
preference, fistula location, and complicating factors
(such as prior pelvic radiation, altered wound healing
– i.e. chronic steroid use, proximity to ureteral orifices,
and time of diagnosis) may all impact on method of
repair. Timing of repair (Level 4) appears not to
influence long term success and surgical repair may
be performed at time of identification if factors such
as wound healing are considered optimal by the
operative surgeon. 

Evidence supporting surgical adjuncts such as use and
type of interpositional tissues and effect on outcome
of repair is limited (Level 4). 

Rigorous scientific assessment of the outcome of
surgery for urinary incontinence is important because
it enables comparison to be drawn between
procedures. Patients can then make informed deci-
sions in light of the risks and benefits demonstrated.
Health care providers can identify cost effective
treatments and surgeons can bench mark their
practice.

Commonly used outcome measures are urodynamics,
pad tests, bladder diaries, symptom questionnaires,
symptom-bother questionnaires, quality of life (QoL)
instruments, and measures of satisfaction. All of these
tools are discussed in more detail by other chapters.
The aim of this section is to highlight issues specific
to the assessment of surgical outcome.

Any outcome measure must be reliable, valid, and
responsive to change. It is also important that the
results are interpretable within clinical practice.

Reliability concerns the extent to which an experiment,
test or any measurement yields the same results on
repeated trials.

Any measurement will have a degree of error
associated with it. If this is large the test is not reliable
and it is unlikely to be a useful outcome measure.

1. OBJECTIVE TESTS

a) Urodynamics

Several studies have demonstrated that urodynamics
have poor test re-test reliability. Homma et al (Homma
et al. 2000) [606] demonstrated that on repeating
urodynamics after 2-4 weeks the results tend towards

X. OUTCOME MEASURES
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normality. The was a 10-13% increase in bladder
volumes (p<0.01), a 10% decrease in the number of
subjects with detrusor overactivty and 18% reduction
in the amplitude of detrusor contractions.

The test-retest reliability of urodynamics to detect
detrusor overactivity was investigated in children by
Griffiths et al. Urodynamics were repeated on three
occasions, 10% changed from stable to unstable and
14% from unstable to stable (Griffiths et al. 1982)
[551]. 

Cardozo et al. found 15% of women who complained
of stress incontinence had no demonstrable loss on
videourodynamics but were wet on Urilos pad tests
(Cardozo et al. 1980) [552]. Urodynamics appeared
not to be sensitive enough to detect this loss. 

In 1997, Jensen et al. reviewed 26 studies that
compared the urodynamic diagnosis to patients’
symptoms. They found that urodynamic evaluation
failed to demonstrate incontinence in up to 25% (mean
9%) of patients who complained of urinary leakage
(Jensen et al. 1997) [553].

Studies comparing static to ambulatory urodynamics
have shown 25-60% of patients, with symptoms of
overactive bladder, have negative stationary tests for
detrusor overactivity which can then be identified on
ambulatory testing (van Waalwijkvan Doorn et al.
1987; Griffiths et al. 1989; Webb et al. 1991) [554,
580,557. However there is no test re-test data for
ambulatory studies.

Hilton demonstrated that post operative urodynamics
failed to demonstrate leakage in almost 40% of women
who on questionnaire responses still had some
leakage. 

Post-operatively urodynamics have become the gold
standard in the ‘objective’ assessment of surgical
outcome (Jarvis 1994) [20]. However, there is little
evidence of reliability to support this position.

b) Cough stress test

This can be a useful test to assess the resolution of
stress incontinence following surgery(Yalcin et al.
2004) [558]. It however cannot be used to assess
improvement. Before and after surgery the test should
be standardised for bladder volume, number and force
of coughs, and the position of the subject. There is no
agreed standard for these factors and this limits the
use of cough test data in meta- analysis of incontinence
surgery.

c) Pad tests

Pad tests have been used to objectively define cure
using a cut-off point at which the test is positive. There
is considerable variation in the duration of pad tests
are used. Short pad test 1-hour have been demons-
trated to be unreliable measures and therefore not
suitable outcome measures (Simons et al. 2001) [559].

There is evidence that the 72 hour pad test is most
reliable duration for pad testing (Karantanis et al.
2005) [560]. 

The number of pads used per 24 hours has been
shown not to accurately reflect the amount of urine lost.
(Dylewski et al. 2007) [561].

However all of these evaluations have been made in
pre treatment samples and therefore may not be valid
post –operatively when leakage episodes may be
less frequent and severe. 

d) Bladder Diaries

Bladder diaries, 3- 7 days, have been shown to be
reliable measures of incontinence prior to surgery
(Wyman et al. 1988) [562] however, their reliability
may also be a function of the duration of the test and
the frequency of incontinence episodes. Hence
following surgery a patient with infrequent but
bothersome incontinence episodes may appear cured
on a 3 day diary- having no incontinence episodes.
There has been no research to establish the clinical
significance of improvements in bladder diaries,
whether change in incontinence episodes should be
reported as a percentage change from baseline or in
reduction in the number of episodes.

2. SYMPTOM QUESTIONNAIRES

There a several symptom questionnaires available.
Committee x has evaluated the psychometric
properties of the available symptom questionnaires in
detail, using an A,B,C grading system.

The content of a questionnaire is a psychometric
property which is important, yet frequently over looked.
In selecting a symptom questionnaire for a surgical
study it is important to consider if the instrument covers
the recognised complications. For example the
Severity of Symptoms Index SSI is a psychometrically
valid instrument but it only addresses stress
incontinence symptoms (Black et al. 1996) [237]. It
does not measure common complications such as
voiding difficulty or overactive bladder. Few
questionnaires have comprehensive assessment of
the impact incontinence on sexual function.

If an instrument is being used to assess a new
innovation then one should select an instrument with
the capacity to report in free text other symptoms not
covered by the questionnaire. 

Other factors which should be consider are the
incidence of recurrent UTI, any pad use, drugs for
OAB, re-operation , clean intermittent self catheteri-
sation rates, and the speed of recovery. These can be
used to compare procedures and are useful to counsel
patients before surgery.

Another property to consider is does the questionnaire
measure the presence of symptoms and the
bothersomeness as separate items? Some instru-
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ments separate symptoms and bother e.g. BFLUTS
however others combine these factors one question
e.g. KHQ. 

Bother is a complex factor which is probably affected
by personality, previous experience , other co-
morbidities and other factors. It is probably therefore
more useful to use separate questions of symptoms
and bother.

Symptoms are easily comparable between studies
for meta analysis however they cannot be summated
into a meaningful primary end point. 

New innovations can be associated with new
complications. It is important that these are assessed.
Although it is difficult to compare the significance of
different complications.

3. QUALITY OF LIFE (QoL) INSTRUMENTS

Committee x has provide a comprehensive review of
the large number of QoL instruments available and
their psychometric properties, reliability, validity,
responsiveness. 

To be a useful outcome measure in research & clinical
practice the output of these instruments must have
clinical meaning. Many studies report statistic changes
in score but these have no clinical meaning. Further
research is required to establish clinical meaning.

The most commonly use method to establish this is
Minimally Clinically Important Change (MCID), although
even this has limitations. There are several method to
calculate MCID and it is probably disease and population
dependant (Wyrwich et al. 2005) [563]. To date three
QoL instruments have reported MCID but none are for
a surgical interventions (Kelleher et al. 2004; Yalcin et
al. 2006; Hendriks et al. 2008) [564-566]. MCID is not
specific to an instrument and therefore for should
currently be calculated for each study.

QoL instruments frequently are divided into domains
for example physical, social ,emotional & personal. An
individual may attribute different importance to each
of these domains therefore they should not be
combined into a global score unless there is
psychometric evidence that this is valid. Instead a
global assessment scale should be used.

4. GLOBAL ASSESSMENT SCALES

This is term applied to a health-related index that
provides a broad overview of a complex phenomenon.
Selection of a response involves a patient implicitly
evaluating feelings, perceptions, opinions, expe-
ctations, goal achievement, satisfaction, beliefs, and
previous health state and then coming to a single
judgement.

Global assessments usually consist of a single
question. There are two common formats; state
evaluation (How are you today?) and transition
evaluations ( How are you compared to before
treatment?).

These scales are very simple to use and are clinically
intuitively understandable however they lack detail to
identify reason for success or failure.

They are often used as anchor questions to determine
MCID of QoL instruments.

The fact that a global impression index results in a
single score means they can used as primary
endpoints.

5. SATISFACTION

Almost 30 years ago, Norton hypothesised that a
reduction in the number of leaks by 50% may not
mean patients feel 50% better (Norton 1982) [567].
It may be that the fact of being incontinent, regardless
of the amount or frequency, is what determines
restrictions. This implies that nothing short of total
dryness will be accepted by the patient as success.

It is this concept which is addressed when assessing
satisfaction.

Satisfaction is also a function of patients’ goals and
expectations. 

Robinson et al found that 43% patients wanted “ a good
improvement so that symptoms no longer interfere
with their life” however 17 % expected a complete
cure of all symptoms in keeping with the National
Institute of Health (NIH) definition of cure. The NIH
definition of cure of stress incontinence is the resolution
of the symptom of incontinence, the resolution of the
sign of stress incontinence (a negative stress test
with a full bladder) and the absence of new symptoms
or side effects (Weber et al. 2001) [568].

It may be that pre-operative counselling can alter
patients’ expectations and thereby ultimately alter the
outcome of surgery – if it is assessed through
satisfaction.

6. HEALTH-ECONOMIC OUTCOMES

Several incontinence operations appear to have similar
efficacy. The trend is to develop less invasive
operations for incontinence. Health-economic factors
may ultimately be the only significantly different factor
between procedures. Generic instruments such as
ED-5D from which QALYs can be estimated may not
be sensitive enough to detect change however there
are currently no condition specific tools available. A
preference-based measure of health developed from
the King’s Health Questionnaire has been published
however this is for use in OAB conditions not stress
incontinence.(Brazier et al. 2008) [569]

CONCLUSION

Currently used objective outcome measures may not
be sensitive enough to detect surgical failure. The
only ‘subjective’ outcome measure which does not
involve complex judgemental factors is the assessment
of symptoms. These should be administered using a
validated symptom questionnaire, by an independent
party to avoid bias associated with patient surgeon
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relationship. Symptoms are easily comparable
between studies for meta analysis however because
they consist of multiple answers they are not suitable
as primary outcome measure. The lack clinical
meaning of results from QoL instruments restricts
their usefulness and requires further research. In view
of this a validated global impression scale may be a
better primary outcome measure. Until further research
establishes a universal outcome tool it is advisable to
use multiple outcomes. This is in keeping with the
recommendation of several societies and regulatory
organisations; the AUA (Lose et al. 1998) [261], the
NIH (Weber et al. 2001) [568] the IUGA, (Ghoniem et
al. 2008) [570] and ICS (Mattiasson et al. 1998) [571].

Recommendations

The artificial urinary sphincter has been utilized for the
treatment of sphincter dysfunction in women in special
circumstances (failed prior procedures) or rarely as
a primary intervention. The majority of experience
with the artificial urinary sphincter in women has been
in neurogenic patients, with comparatively little data
for women with non-neurogenic stress incontinence.
The procedure may be performed either by a
transvaginal [572] or transabdominal approach
[573,574] (Figure 15).

Appell in 1988 reported results of artificial sphincter
implantation in 34 women who experienced complete

continence, with only three of the 34 requiring revision
after transvaginal placement [575] Subsequently,
Hadley in 1991 reported 13 of 14 patients (93%) who
attained reasonable urinary control (defined as no or
one pad per day for stress incontinence).

Various authors have proposed either the trans-
abdominal or the transvaginal approach as being
superior due to operative technique-related issues,
including operative dissection for cuff placement
though no robust evidence is available to support
their views. The trans-vaginal approach is considered
to be superior for cuff dissection and placement. The
transabdominal approach is considered to provide
better exposure, especially for bladder neck placement,
assuring placement between the urethra and the
vaginal wall [573,576,577]. Laparoscopic placement
has been described as a method to decrease morbidity
associated with the abdominal approach [578].

Overall success rates range between 76% and 89%,
with lower success rates and higher revision rates
being noted in those patients with neurogenic voiding
dysfunction as the primary indication for placement.
The most extensive experience with artificial sphincter
implantation is that of Costa (2001) who reported 207
patients with a mean of four-year follow-up. An overall
success rate of 89% was reported in the non-
neurogenic population with an overall vaginal extrusion
rate of 6%. 

A recent Cochrane Review failed to find sufficient
evidence to support use of the artificial urinary
sphincter and recommended large scale clinical trials
to determine the possible role of these devices in the
management of incontinence in women [579].

Recommendation

Only Level 3 / 4 evidence is available to support
use of the artificial sphincter. This would support
a Level B recommendation for use. 

XI. ARTIFICIAL URINARY SPHINCTER
IN WOMEN

1. Most outcome measures used have been
developed in non-surgical areas. Further
research is required ensure they are clinically
useful surgical outcome measures.

a. When a QoL instrument is to be used ensure
the study includes a calculation of MCID.

b. A validated global impression index may be
a useful primary outcome measure for
surgical trials. 

2. Until further research establishes a universal
outcome tool it is advisable to use multiple
outcomes.

a. Symptoms and separate bother
questionnaire

b. Clinical important outcomes (pad use, re-
operation rates, anticholinergics, CISC,
recurrent UTI)

c. Complications

d. QoL tool with MCID

e. Global Impression Index

f. Health- economic outcome

Figure 15 : Components of the AUS
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